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ABSTRACT
T h is  d i s s e r t a t i o n  d e s c r i b e s  th e  d e s ig n  and c o n s t r u c t i o n  o f  an 
a p p a r a tu s  u sed  t o  o b s e rv e  c o h e r e n t - t r a n s i e n t - o p t i c a l  phenomenon 
p ro d u ced  by th e  S t a r k - s h i f t e d  te c h n iq u e  o f  Brewer e_t a l .  A 
S y lv a n ia  Model yk8  C02 l a s e r  o p e r a t i n g  on t h e  P(20)  l i n e  was used  
a s  a r a d i a t o r ;  l 4N1H22H gas  was u sed  a s  a  sam p le .
The m a jo r  c o n t r i b u t i o n  o f  th e  p r e s e n t  i n v e s t i g a t i o n  to  th e  
f i e l d  o f  o p t i c a l  c o h e r e n t  t r a n s i e n t s  was t h e  im provement o f  th e  
a p p a r a t u s .  The im provem ents  w ere o f  two ty p e s :  The equ ipm ent
d e s ig n e d  and c o n s t r u c t e d  f o r  t h i s  d i s s e r t a t i o n  i s  i n  many c a s e s ,  
s i m p l e r  and l e s s  e x p e n s iv e  th a n  t h a t  u sed  by B rew er.  The method 
u sed  to  s t a b i l i z e  t h e  f r e q u e n c y  o f  t h e  C02 l a s e r  i s  an exam ple o f  
an  im provement o f  t h i s  k in d .  A second  ty p e  o f  im provem ent i s  an  
i n c r e a s e  i n  s e n s i t i v i t y  o f  th e  d e t e c t i o n  s y s te m ,  p r i m a r i l y  by u s in g  
a  HgCdTe quantum d e t e c t o r  o f  t h e  p h o t o v o l t a i c  ty p e .  T h is  i s  th e  
f i r s t  known u se  o f  such  a d e t e c t o r  i n  a  c o h e r e n t  o p t i c a l  t r a n s i e n t  
e x p e r im e n t .  A method o f  o b t a i n i n g  t r u e  te m p o ra l  c o n to u r s  o f  IR 
p u l s e s  w i th  an in e x p e n s iv e  p y r o e l e c t r i c  d e t e c t o r  was a l s o  d e v e lo p e d .
The a p p a r a tu s  was u sed  s u c c e s s f u l l y  t o  d e t e c t  S t a r k - s h i f t e d  
o p t i c a l  n u t a t i o n  and o p t i c a l  f r e e  i n d u c t i o n  decay  i n  N H ^ .  R e s u l t s  
a c h ie v e d  w ere c o n s i s t e n t  w ith  th o s e  o f  Brewer e t  a l .  The sy s tem  
th u s  d e v e lo p e d  p ro m ise s  t o  be  a  u s e f u l  t o o l  i n  s tu d y in g  r e l a x a t i o n  
p r o c e s s e s  i n  g a s e s ,  and in  o b s e r v in g  new ty p e s  o f  c o h e r e n t  o p t i c a l  




C o h e re n t  t r a n s i e n t  e f f e c t s  i n  s p e c t r o s c o p y ,  a s  t h e  name i m p l i e s ,  
o c c u r  when a  sy s tem  o f  o s c i l l a t o r s  a b s o rb s  a  b u r s t  o f  e n e rg y  from  a 
c o h e r e n t  s o u r c e .  A c o h e r e n t  p e r t u r b a t i o n  a f f e c t s  e v e ry  quantum 
sy s te m  i n  an  ensem ble  i n  t h e  same way. In  m ost forms o f  c o n v e n t io n a l  
s p e c t r o s c o p y ,  t h e  r a d i a t o r  e m i ts  in c o h e r e n t  e l e c t r o m a g n e t i c  w aves. 
T h u s ,  w i th  a  few e x c e p t i o n s ,  c o h e r e n t  t r a n s i e n t  e f f e c t s  a r e  n e v e r  
o b s e rv e d  i n  c o n v e n t io n a l  s p e c t r o s c o p y .
T h ere  a r e  s e v e r a l  im p o r ta n t  k in d s  o f  c o h e r e n t  r a d i a t o r s .  O s c i l ­
l a t i n g  e l e c t r i c  and m a g n e t ic  f i e l d s  p ro d u ced  by i n d u c t o r s ,  c a p a c i t o r s ,  
o r  a n t e n n a s  c o n n e c te d  t o  tuned  LC c i r c u i t s ,  a r e  c o h e r e n t  p e r t u r b a t i o n s  
a t  r a d i o  f r e q u e n c i e s .  T hese  c a u s e  t r a n s i t i o n s  b e tw ee n  s t a t e s  r e p r e ­
s e n t i n g  d i f f e r e n t  o r i e n t a t i o n s  o f  n u c l e a r  s p in s  and r o t a t i o n a l  
m a g n e tic  moments o f  m o le c u le s  in  beam s, and i n  b u lk  sam ples  as  i n  
n u c l e a r  m a g n e t ic  r e s o n a n c e .  The m icrowave r a d i a t i o n  p ro d u ced  by 
k l y s t r o n s  and m a se rs  i s  a l s o  c o h e r e n t .  T hese  c o h e r e n t  p e r t u r b a t i o n s  
c a u s e  t r a n s i t i o n s  be tw een  s t a t e s  r e p r e s e n t i n g  d i f f e r e n t  o r i e n t a t i o n s  
o f  e l e c t r o n  s p in s  as  i n  e l e c t r o n  s p in  r e s o n a n c e  e x p e r i m e n t s ,  and 
be tw een  s t a t e s  r e p r e s e n t i n g  d i f f e r e n t  m o le c u la r  r o t a t i o n a l  f r e q u e n c i e s  
a s  i n  m icrowave r o t a t i o n a l  s p e c t r o s c o p y .
F i n a l l y ,  t h e  o s c i l l a t i n g  f i e l d s  p roduced  i n  and r a d i a t e d  by l a s e r  
c a v i t i e s  a r e  c o h e r e n t  p e r t u r b a t i o n s  i n  t h e  i n f r a r e d ,  v i s i b l e  and 
u l t r a v i o l e t  r e g io n  o f  th e  sp e c tru m .  These  p e r t u r b a t i o n s  c a u s e  t r a n s i ­
t i o n s  be tw een  s t a t e s  r e p r e s e n t i n g  d i f f e r e n t  f r e q u e n c i e s  o f  v i b r a t i o n s
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i n  m o le c u le s ,  and d i f f e r e n t  e l e c t r o n i c  s t a t e s  o f  a l l  k in d s  i n  a to m s ,  
m o l e c u le s ,  and i o n s . 1
A lthough  t r a n s i e n t  c o h e r e n t  phenomena hav e  been  induced  by a l l  
o f  th e  above v a r i a t i o n s ,  t h e  ones  in v o lv in g  l a s e r  r a d i a t i o n  in  
t h e  i n f r a r e d  r e g io n  o f  th e  sp e c tru m  a r e  o f  g r e a t e s t  i n t e r e s t  i n  
t h i s  d i s s e r t a t i o n .
The f a c t  t h a t  c o h e r e n t  t r a n s i e n t  e f f e c t s  h av e  b een  o b s e rv e d  
i n  a l l  o f  t h e  above c a s e s  h as  h e lp e d  c o n s t r u c t  a s i m p l i f i e d  view 
o f  s p e c t r o s c o p y .  A lth o u g h  p r im ary  em phasis  i n  t h i s  d i s s e r t a t i o n  
s h a l l  be p la c e d  on th e s e  e f f e c t s  c a u se d  by  i n f r a r e d  l a s e r  r a d i a t i o n ,  
some tim e w i l l  be  d e v o te d  to  t h e  a p p l i c a t i o n  to  n u c l e a r  m a g n e t ic  
r e s o n a n c e  (NMR) s p e c t ro s c o p y  , s i n c e  t h e  e x p l a n a t i o n s  a r e  more e a s i l y  
v i s u a l i z e d  in  t h e  NMR c a s e .  F o l lo w in g  t h i s ,  an  e x t e n s i o n  o f  th e s e  
i d e a s  can be  made t o  e x p l a i n  th e  o p t i c a l  a n a lo g s  o f  t h e  m a g n e t ic  
r e s o n a n c e  phenomenon.
H i s t o r i c a l l y , 2 th e  d i s c o v e r y  o f  c o h e r e n t  t r a n s i e n t s  i n  d i f f e r e n t  
ty p e s  o f  s p e c t ro s c o p y  occu red  i n  t h e  same o r d e r  t h a t  th e  e f f e c t s  
th e m s e lv e s  were d e s c r i b e d .  Soon a f t e r  t h e  d i s c o v e r y  o f  NMR in  b u lk  
m a t t e r  i n  1 9 4 6 ,3 ’ 4 Bloch5 in t r o d u c e d  p h en o m en o lo g ic a l  e q u a t io n s  
r e l a t i n g  th e  b e h a v io r  o f  th e  n u c l e a r  m a g n e t ic  p o l a r i z a t i o n  p ro d u c ­
ed by a c o h e r e n t  r a d io  wave to  th e  r e l a x a t i o n  t im e s  Tx and T2 .
He a l s o  p r e d i c t e d  t r a n s i e n t  e f f e c t s  due to  th e  f r e e  p r e c e s s i o n  o f  
t h e  p o l a r i z a t i o n  f o l lo w in g  a r a d io  f re q u e n c y  ( r f )  p u l s e ,  and 
d e s c r ib e d  th e  s t a t e  o f  th e  s p in s  q u an tu m -m ec h an ica l ly  a s  t h e  s u p e r ­
p o s i t i o n  o f  e i g e n s t a t e s .
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T his  paved th e  way f o r  many e x p e r i m e n t a l i s t s ,  th e  f i r s t  o f  
whom was T o r r e y . 6 In  19^9 he  p u b l i s h e d  h i s  d i s c o v e r y  o f  o s c i l l a t i o n s  
i n  th e  e l e c t r o m a g n e t i c  f i e l d  s c a t t e r e d  by n u c l e a r  s p in s  in  an  NMR 
e x p e r im e n t .  He e x p la in e d  them i n  B lo c h 's  te rm s  as t r a n s i e n t  n u t a ­
t i o n s  i n  th e  p r e c e s s i o n a l  m o t io n  o f  th e  e n se m b le -a v e ra g e d  param ag­
n e t i c  moment. J u s t  one y e a r  l a t e r ,  Hahn7 d i s c o v e r e d  f r e e  i n d u c t i o n  
decay  (FID) and e c h o e s ,  and was a l s o  a b l e  t o  e x p l a i n  t h e s e  phenomena 
by means o f  th e  B lo c h 5 t h e o r y .  A p a ra m a g n e t ic  moment was induced  
by th e  a p p l i e d  c o n s t a n t  m a g n e tic  f i e l d  BQ ( i n  a  minimum t im e  T i ) ,  
and an r f  p u l s e  p roduced  f r e e  p r e c e s s i o n  o f  t h a t  moment, w hich 
dephased  due to  in h o m o g e n i t ic s  i n  Bo ( t h e  c h a r a c t e r i s t i c  d e p h a s in g  
t im e  f o r  t h i s  p r o c e s s  i s  c a l l e d  T2* ) .  T h is  phenomenon i s  c a l l e d  FID. 
Then th e  a p p l i c a t i o n  o f  a  second  p u l s e  b e f o r e  a t im e  T2 ( t h e  r e a l  
o r  homogeneous T2 ) had e l a p s e d ,  ca u se d  th e  i n d i v i d u a l  s p in s  t o  r e ­
p h a s e  and e m i t  an  e c h o . 8
Many more im p o r ta n t  d i s c o v e r i e s  w ere made i n  th e  f i f t i e s ,  b u t  
i t  was n o t  u n t i l  th e  ad v e n t  o f  t h e  l a s e r ,  a p o w e r fu l  s o u rc e  o f  co ­
h e r e n t  r a d i a t i o n ,  t h a t  o p t i c a l  c o h e r e n t  t r a n s i e n t  e f f e c t s  were d i s ­
c o v e re d .  In  1964, K u r n i t , A b e l l a ,  and Hartmann9 p erfo rm ed  an  e l a b o r a t e  
e x p e r im e n t  in  w hich a ruby  c r y s t a l  s p o n ta n e o u s ly  e m i t t e d  a s h o r t ,  
i n t e n s e  b u r s t  o f  c o h e r e n t  r a d i a t i o n  a f t e r  b e in g  e x c i t e d  by two s h o r t ,  
i n t e n s e  l i g h t  p u l s e s  from a Q -sw itch ed  ruby l a s e r .  They c a l l e d  th e  
sp o n ta n e o u s  e m is s io n  a  p h o to n  echo  by an a lo g y  w i th  t h e  s p in - e c h o e s  
o f  Hahn.
U n t i l  r e c e n t l y ,  t h e s e  e f f e c t s  hav e  n o t  been  p a r t i c u l a r l y  u s e f u l
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f o r  o p t i c a l  s p e c t r o s c o p y  b e c a u s e  o f  th e  d i f f i c u l t i e s  a s s o c i a t e d  
w i th  t h e  c o n s t r u c t i o n ,  o p e r a t i o n  and c o n t r o l  o f  p u l s e d  l a s e r s .
In  1971, Brewer and Shoemaker10 d e v e lo p ed  a s im p le  t e c h n iq u e  f o r  
exam in ing  t r a n s i e n t  b e h a v io r  i n  th e  o p t i c a l  r e g i o n  t h a t  a v o id s  
t h i s  d i f f i c u l t y .  They u sed  a  c a rb o n  d io x i d e  l a s e r  o p e r a t i n g  a t  
a  w a v e le n g th  o f  c a . 10 pm. The l a s e r  i t s e l f  i s  n o t  p u ls e d  i n  t h e i r  
t e c h n iq u e .  I n s t e a d ,  t h e  m o le c u le s  o f  a  gas  sam ple a r e  sw i tc h e d  
a b r u p t l y ,  i n  and o u t  o f  r e s o n a n c e  w i th  r a d i a t i o n  from a  l a s e r  
o p e r a t i n g  c o n t in u o u s ly  (cw r a d i a t i o n ) .  T h is  i s  a cc o m p lish e d  by sub­
m i t t i n g  m o le c u le s  h a v in g  a  perm anen t e l e c t r i c  d ip o l e  moment to  a p u ls e d  
e l e c t r i c  f i e l d .  T h is  p e r t u r b a t i o n  c a u s e s  t h e  v i b r a t i o n a l  en e rg y  l e v e l s  
o f  th e  m o le c u le s  t o  s p l i t  o r  s h i f t  (by th e  S t a r k  e f f e c t ) ,  so  t h a t  in  
e f f e c t ,  t h e i r  t r a n s i t i o n  f r e q u e n c y  i s  tuned  t o  t h e  l a s e r  f re q u e n c y  
by th e  e l e c t r i c  f i e l d .  T hus ,  a  c o h e r e n t  t r a n s i e n t  r e s p o n s e  i s  p r o ­
duced  by e l e c t r o n i c a l l y  g a t i n g  t h e  o p t i c a l  a b s o r p t i o n  o f  th e  sample 
w i th  a  p u ls e d  e l e c t r i c  f i e l d . 11
To p roduce  an e c h o ,  t h e  sam ple i s  s w i tc h e d  i n t o  o p t i c a l  r e s o n a n c e  
tw ic e  by means o f  two e l e c t r i c  p u l s e s .  The f i r s t  p u l s e  p ro d u c e s  
an  induced  o s c i l l a t i n g  e l e c t r i c  d i p o l e  moment i n  th e  sam ple ( p o l a r i z a ­
t i o n  w ave) .  When t h i s  p u l s e  t e r m i n a t e s ,  t h e  induced  m o le c u la r  
d ip o l e s  b e g in  t o  g e t  ou t  o f  p h ase  w i th  one a n o th e r  ( b e c a u se  o f  a s p read  
i n  t r a n s i t i o n  f r e q u e n c i e s  ca u se d  by t h e  p u l s e  w id th  and D o p p le r  b ro a d ­
e n i n g ) ,  and th e  r a d i a t i o n  p roduced  by th e  d i p o l e s  u n d erg o es  d e s t r u c t i v e  
i n t e r f e r e n c e  (T2* ) .  A second p u l s e ,  l a s t i n g  tw ic e  as  long  as  th e
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f i r s t ,  p ro d u c e s  a r e v e r s a l  w hich c a u s e s  th e  d i p o l e s  t o  r e p h a s e  f o l ­
low ing  p u l s e  number two i n  j u s t  t h e  amount o f  tim e t h a t  e l a p s e d  
be tw een  p u ls e  one and p u l s e  tw o . D uring  th e  r e p h a s in g  p r o c e s s ,  th e  
d ip o l e s  i n t e r f e r e  c o n s t r u c t i v e l y ,  and th e  sam ple e m its  s p o n ta n e o u s ly  
a  p u l s e  o f  l i g h t  — th e  p h o to n  e c h o .  The r e l a t e d  e f f e c t s  o f  o p t i c a l  
n u t a t i o n  and FID can  a l s o  be o b se rv e d  by t h i s  t e c h n iq u e ,  by u s in g  
a  s i n g l e  p u l s e  o f  lo n g  d u r a t i o n .  The m o le c u le s ,  t h a t  a r e  s w i tc h e d  
i n t o  r e s o n a n c e ,  a r e  c o h e r e n t l ;  e x c i t e d  and a l t e r n a t e l y  ab so rb  
and em it  r a d i a t i o n .  T h is  o p t i c a l  r i n g i n g  o r  o p t i c a l  n u t a t i o n  e f f e c t  
a p p e a rs  as  a  damped o s c i l l a t i o n  i n  th e  t r a n s m i t t e d  s i g n a l .  When th e  
sam ple  i s  s w i tc h e d  o u t  o f  r e s o n a n c e ,  a  FID s i g n a l  i s  o b se rv e d  as  th e  
r a d i a t i n g  d i p o l e s  become d ep h ased .11 As w i l l  be  d i s c u s s e d  i n  C h a p te r  
I I  s e c t i o n  D, th e  r e s u l t s  o f  t h e  S t a r k  s h i f t  e x p e r im e n ts  a r e  a c t u a l l y  
a b i t  more c o m p l ic a te d  th a n  t h i s  e x p l a n a t i o n  s u g g e s t s ,  s i n c e  s e v e r a l  
e f f e c t s  can  o c c u r  s im u l t a n e o u s l y .
T h is  d i s s e r t a t i o n  i s  p r i m a r i l y  co n ce rn ed  w i th  t h e  phenomena o f  
FID and o p t i c a l  n u t a t i o n .  A cw-C02 l a s e r  was employed a§ th e  r a d i a t o r  
and i^NHgD gas was th e  a b s o r b in g  sam p le .  T h is  sy stem  was f i r s t  s t u d i e d  
by Brewer and co -w o rk e rs , 1 2 >13 b u t  no o t h e r  r e p o r t s  o f  s u c c e s s  w i th  
t h i s  sy s tem  have a p p e a re d  u n t i l  t h i s  d i s s e r t a t i o n .  The r e a s o n  f o r  ou r  
s u c c e s s f u l  r e p e t i t i o n  o f  t h i s  w ork, we b e l i e v e ,  i s  t h a t  we have 
changed  th e  d e s ig n  o f  th e  e x p e r im e n t .
The d e s ig n  c h an g e s  make th e  u s e  o f  s i m p l i f i e d  equ ipm ent p o s s i b l e  
so t h a t  c o h e r e n t  t r a n s i e n t  e f f e c t s  c o u ld  be o b se rv ed  in  a lm o s t  any w e l l  
eq u ip p ed  p h y s ic s  l a b o r a t o r y .  M oreover ,  a new ty p e  o f  i n f r a r e d  d e t e c t o r
was a d a p te d  to  th e  r e q u i r e m e n t s  o f  t h i s  e x p e r im e n t .  I t  i s  b e l i e v e d  
t h a t  t h i s  d e t e c t o r ,  b e c a u s e  o f  i t s  f a s t  r e s p o n s e  and h ig h  s e n s i t i v i t y ,  
w i l l  make th e  o b s e r v a t i o n  o f  more e x o t i c  e f f e c t s  p o s s i b l e  by th e  S ta r k  
s h i f t  m ethod . One exam ple i s  s e l f  in d u c ed  t r a n s p a r e n c y  (S IT ) .  T h is  
i s  an  e f f e c t  f i r s t  p r e d i c t e d  and o b se rv e d  by M cCall and Hahn14 in  
I 9 6 7 , whereby a p u l s e  can  p ro p o g a te  th ro u g h  an  o p t i c a l l y  d en se  medium 
w i th o u t  a t t e n u a t i o n .
T h is  d i s s e r t a t i o n  c o n s i s t s  o f  f o u r  c h a p t e r s .  The th e o r y  o f  
t h e  p e r t i n e n t  c o h e r e n t  t r a n s i e n t  e f f e c t s  i s  d i s c u s s e d  i n  C h a p te r  I I .  
C h a p te r  I I I  i s  d e v o te d  t o  d e s c r i b i n g  th e  e x p e r im e n ta l  a p p a r a tu s  and 
t e c h n iq u e s  o f  o p e r a t i o n  and  t e s t i n g .  The m a jo r  e f f o r t  o f  t h i s  a u th o r  
was t h e  d e s i g n ,  c o n s t r u c t i o n ,  and t e s t i n g  o f  th e  equ ipm ent in v o lv e d  
i n  t h i s  s t u d y .  The e x p e r im e n ta l  r e s u l t s  a r e  d i s c u s s e d  i n  C h a p te r  IV. 
These  r e s u l t s  a r e  com pared to  th o s e  i n  t h e  l i t e r a t u r e ,  w i th  em phasis  
on t h e  im provem ents i n  te c h n iq u e  a c h ie v e d  to  d a t e .  S u g g e s t io n s  a r e  
a l s o  made as  t o  how t h e  sy s tem  can  be im proved f u r t h e r  s t i l l  f o r  u se  
i n  o t h e r  s t u d i e s  ( i n  p a r t i c u l a r ,  s e l f  in d u c ed  t r a n s p a r e n c y ) .  A number 
o f  a p p e n d ic e s  p r e s e n t  t e c h n i c a l  in f o r m a t io n ,  such  a s  d e s c r i p t i o n  o f  
th e  d e s i g n ,  t e s t i n g ,  and o p e r a t i o n  o f  a u x i l i a r y  e q u ip m en t .
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CHAPTER I I
THEORY OF COHERENT TRANSIENT EFFECTS
A. INTRODUCTION (NMR)
O p t i c a l  c o h e r e n t  t r a n s i e n t s  a r e  m ost e a s i l y  u n d e r s to o d  by 
f i r s t  c o n s id e r i n g  th e  c o h e re n t  t r a n s i e n t  e f f e c t s  w hich ta k e  p la c e  
i n  NMR s p e c t r o s c o p y .
C o n s id e r  f o r  example a system  o f  n u c l e a r  s p in s  i n  a  s t a t i c  
f i e l d  B0 a lo n g  th  z - a x i s . 1 h e re  i s  a m a g n e t ic  moment a s s o c i a t e d  
w i t h  b o th  th e  ground s t a t e  a i d  th e  e x c i t e d  s t a t e s ,  and th e  n e t  
moment p r e c e s s e s  i n  th e  a p p l i e d  f i e l d .  F o r  a c o l l e c t i o n  o f  
m a g n e tic  moments M = sjx, i n  i c o n s t a n t  m a g n e t ic  f i e l d  i?0 , one can  
c o n s id e r  th e  e q u a t io n  o f  m otion
w here v i s  th e  m a g n e to g y r ic  r a t i o  and Bo = B0z .  I t  i s  u s e f u l  t o  t r a n s ­
form to  a  fram e o f  c o o r d in a t e s  ( x / , y ' , z )  r o t a t i n g  a t  an  a n g u la r  f r e ­
quency tu' ab o u t  t h e  z - a x i s ,  n w hich th e  e q u a t io n  o f  m o tio n  t r a n s f o r m s  
to
I f  u)l = -  yB0 , th e  m a g n e t i z a t i o n  w i l l  be  c o n s t a n t ,  o r  e q u i v a l e n t l y ,  
t h e  e f f e c t i v e  f i e l d  i n  t h e  r o t a t i n g  fram e Be f f  = B0 + ~  i s  z e r o .  
T h u s ,  th e  e f f e c t  has  been  to  t r a n s f o r m  away th e  s t a t i c  f i e l d  w henever
fram e
u/ = (jul. T h is  i s  c a l l e d  t h e  Larmor p r e c e s s i o n  f r e q u e n c y ,  and i s
—*
t h e  p r e c e s s i o n  f r e q u e n c y  o f  t h e  m a g n e t i z a t i o n  M.
An e l e c t r o m a g n e t i c  wave w i th  m a g n e t ic  f i e l d  a m p l i tu d e  Bx , p ro p a ­
g a t i n g  a lo n g  th e  z - a x i s ,  w i l l  o s c i l l a t e  i n  t h e  x - y - p l a n e ,  s in c e  e l e c t i  
m a g n e t ic  waves a r e  t r a n s v e r s e .  A p la n e  p o l a r i z e d  wave may be  th o u g h t  
a s  two c o u n t e r r o t a t i n g  c i r c u l a r l y  p o l a r i z e d  waves o f  e q u a l  a m p l i tu d e  
Only one c i r c u l a r l y  p o l a r i z e d  component o f  c a n  e f f e c t i v e l y  
i n t e r a c t  w i th  t h e  p r e c e s s i n g  s p i n s . 2  The e f f e c t  o f  a  c i r c u l a r l y  
p o l a r i z e d  r f  f i e l d
Bi =
B- £x co s  (oot +  4>) +  y s i n  (yjt + ^)j (3 )
/ B Ac a n  b e  t a k e n  i n  t h e  r o t a t i n g  fram e a s  a  c o n s t a n t  f i e l d  = 7^  x '
and th e  e q u a t io n  o f  m o t io n  becomes
( f ) rot = viJxSo+ f ) -  M
fram e
I f  t h e  fram e i s  r o t a t i n g  a t  t h e  Larmor p r e c e s s i o n  f r e q u e n c y  th e n  
—>
/  - ♦
B0 4- — = 0 and t h e  e f f e c t  o f  t h e  r f  f i e l d  i s  t o  r o t a t e  M a b o u t  k !
Y
The p r e c e s s i o n  f r e q u e n c y  u)! a b o u t  t h e  d i r e c t i o n  ( x ' ) i s  g iv e n  by
and h en ce  M r o t a t e s  th ro u g h  an  a n g le  g iv e n  by 0 = ^
B. TRANSIENT NUTATIONS, FID, AND ECHOES
/
In  t h e  r o t a t i n g  f r a m e ,  t h e  t o r q u e  e x e r t e d  by Bx p ro d u c e s  a
s low  m otio n  o f  th e  m a g n e t i z a t i o n  i n  a  d i r e c t i o n  t h a t  i s  p e r p e n d i c u l a r
—
t o  t h e  f a s t  m o tio n  p ro d u ced  by th e  to r q u e  due t o  B0 i n  t h e  l a b o r a t o r y  
f r a m e .  The r e s u l t  i s  i l l u s t r a t e d  i n  F i g .  1. I n  t h e  c l a s s i c a l  th e o ry
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Figure 1 S im u l ta n e o u s  p r e c e s s i o n  o f  t h e  m a g n e t i z a t i o n  M
a b o u t  t h e  f i e l d s  B0 and Bx i n  t h e  l a b o r a t o r y  c o o r d i n a t e





o f  g y ro s c o p e s ,  a  s low  wobble o f  t h e  g y ro s c o p e  a x i s  p e r p e n d i c u l a r  
t o  th e  f a s t  p r e c e s s i o n a l  m o t io n  i s  c a l l e d  a  n u t a t i o n . 3 T h is  e f f e c t ,  
f i r s t  o b se rv e d  by  T o r r e y 4 f o r  n u c l e a r  s p i n s ,  i s  c a l l e d  th e  t r a n s i e n t  
n u t a t i o n  e f f e c t .  I t  shows up a s  a  damped o s c i l l a t i o n  i n  th e  e n v e lo p e  
o f  m a g n e t i z a t i o n  wave. The damping i s  due t o  r e l a x a t i o n  p r o c e s s e s .
The e n e rg y  d e n s i t y  o f  th e  ensem ble  i s  g iv e n  a s  U =» -f? • S where 
5  = B0z 4- J^-x. An e x p r e s s i o n  f o r  Ft = M (t)  i s  o b ta in e d  from th e
d e n s i t y  m a t r ix  and Bloch e q u a t i o n 5 ; t h e i r  s o l u t i o n s  a r e  s i m p l i f i e d
by th e  c o o r d i n a t e  t r a n s f o r m a t i o n .  Thus i t  can  be shown t h a t
c-
Ff(t) = Mq [ z cos^i£iE^ + x s in (E !iE ) s i n  u)t + y s i n  ^iiiiE^cos u > t ] . ( 5 ) 
S u b s t i t u t i o n  g iv e s :
U = -Mo [Bx s i n  s i n  u)t co s  tut +  Bo co s  . ( 6 )
S in c e  Bo i s  much s m a l l e r  th a n  B0 , t h e  f i r s t  te rm  i n  p a r e n t h e s i s  on 
th e  r i g h t  hand s i d e  o f  Eq. ( f )  c an  be  n e g l e c t e d .  T h e r e f o r e ,  U may be 
a p p ro x im a te d  by
U «  -  Mo Bo cos  ( ^ E ) .  ( 7 )
I f  T l5  t h e  l o n g i t u d i n a l  r e l a x a t i o n  t im e  and T2 , t h e  homogeneous 
p a r t  o f  t h e  t r a n s v e r s e  r e l a x a t i o n  t i m e , a r e  s u f f i c i e n t l y  long  ( i . e . , 
i f  Tl s  T2 »  -1—) th e n  th e  cos  ( -^ E )  te rm  i n  Eq. (7 )  w i l l  un d erg o  many
0 ) i  d
e x c u r s io n s  be tw een  +1 and -1  b e f o r e  th e  o s c i l l a t i o n s  a r e  damped ou t  „ 
D u rin g  th e  f i r s t  h a l f  o f  such  a  c y c l e ,  0 <  <  Tf,
th e  m a g n e t ic  en e rg y  U o f  t h e  ensem ble  o f  s p in  sy s tem s  i s  i n c r e a s ­
in g .  T h e r e f o r e ,  th e  en e rg y  i n  t h e  r a d i a t i o n  f i e l d  i s  s u f f e r i n g
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a c o r r e s p o n d in g  d e c r e a s e  i n  o r d e r  t h a t  t h e  t o t a l  en e rg y  may be  c o n s e r v ­
e d .  T h is  p r o c e s s  c o r r e s p o n d s  t o  a b s o r p t i o n .  D u r in g  th e  n e x t  h a l f  
c y c l e ,  Tf <  ^ 5̂  <  2Tf and en e rg y  f low s  b ack  o u t  o f  th e  sam ple i n t o  th e  
r a d i a t i o n  f i e l d .  T h is  p r o c e s s  i s  c a l l e d  s t i m u l a t e d  e m is s i o n . 6 Thus 
t h e  o s c i l l a t i o n s  which a r e  o b s e rv e d  a s  t h e  t r a n s i e n t  s i g n a l  a c t u a l l y  
r e p r e s e n t  th e  p r o c e s s  o f  a b s o r p t i o n  fo l lo w e d  by s t i m u l a t e d  e m is s io n ,  
r e p e a t e d  u n t i l  t h e  s i g n a l  d e c a y s .  I n  a c t u a l i t y ,  t h e  x -a n d  y -com ponen ts  
o f  t h e  m a g n e t i z a t i o n  a r e  o b se rv e d  r a t h e r  th a n  t h e  en e rg y  d e n s i t y  U.
C o n s id e r  a sy s tem  in  th e rm a l  e q u i l i b r i u m ,  w i th  t h e  m a g n e t i z a t i o n  
M p o i n t i n g  i n  th e  z - d i r e c t i o n ,  p a r a l l e l  t o  th e  ^ n i t i a l  s t a t i c  f i e l d .  
D u rin g  th e  a p p l i c a t i o n  o f  an  r f  p u l s e  o f  f r e q u e n c y  u)0 , M i s  r o t a t e d
a b o u t  th e  x ' - a x i s .  F u r t h e r ,  l e t  i t  be  supposed  t h a t  t h e  p u l s e  i s
Tft e r m in a t e d  when 0 = —. Viewed from  t h e  l a b o r a t o r y  f ra m e ,  t h e  m a g n e t i ­
z a t i o n  would seem to  s p i r a l  downward, t o  s to p  i n  t h e  x -  y - p l a n e .  
(P r im es  i n d i c a t e  t h e  axes  o f  t h e  r o t a t i n g  f r a m e . )  S in c e  th e  l o c a l  
f i e l d  v a r i e s  from p o i n t  t o  p o i n t  w i t h i n  th e  sa m p le ,  d i f f e r e n t  s p in  
v e c t o r s  have  d i f f e r e n t  p r e c e s s i o n  f r e q u e n c i e s .  Hahn7 c a l l e d  a group 
o f  s p in s  w i th  th e  same p r e c e s s i o n  f r e q u e n c y  an  i s o c h r o m a t .  Because  <uo 
i s  d e f in e d  a s  th e  mean p r e c e s s i o n  f r e q u e n c y ,  some o f  th e  s p in  i s o c h r o -  
m ats w i l l  p r e c e s s  f a s t e r  and some s lo w e r  th a n  cuo- Thus i n  t h e  r o t a t i n g  
f ra m e ,  as  shown in  F ig .  2 ,  t h e  e f f e c t  w i l l  be  a  f a n n in g  o u t  o f  th e  
v e c t o r s ,  c o r r e s p o n d in g  to  d i f f e r e n t  i s o c h r o m a ts .  S in c e  th e  r e c e i v e r  
c o i l  in  t h e  s p e c t r o m e te r  can  d e t e c t  o n ly  th e  v e c t o r  sum o f  th e s e  
mom ents, t h e r e  w i l l  be  a d e c r e a s e  i n  t h e  o b s e rv e d  s i g n a l  as  p h ase  
c o h e re n c e  i s  l o s t .
Figure 2 F r e e  i n d u c t i o n  decay  due t o  t h e  d e p h a s in g  o f  i s o c h ro m a ts  
(Mj) a s  v iew ed i n  a c o o r d i n a t e  sy s tem  r o t a t i n g  a t  th e  
mean p r e c e s s i o n  f r e q u e n c y  au0 .
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The d u ra t io n  o f  t h i s  FID s ig n a l  i s  governed by the e f f e c t i v e
r e la x a t io n  tim e Tm. 8 This g iv e s  the amount o f  time i t  tak es  the
s i g n a l  t o  decay  t o  o f  i t s  o r i g i n a l  v a lu e  and i s  g iv e n  as
+ r—  . The homogeneous tr a n s v e r s e  r e la x a t io n  time T s  
T m 1 2 J £?
r e p r e s e n t s  p r o c e s s e s  w hich p roduce  u n c o n t r o l l a b l e  and i r r e v e r s i b l e  
d e p h a s in g ,  w h i le  d e p h a s in g  due to  t h e  inhomogeneous p a r t  o f  th e  
t r a n s v e r s e  r e l a x a t i o n  t im e  (due t o  m a g n e tic  f i e l d  in h o m o g e n e i ty ) ,
T2* ,  i s  r e v e r s i b l e .  C onsider a ca se  fo r  which T2 » T 2* .  Assume
Tfa g a in  th a t  the  system  has been su b je c t  to  a ^  p u ls e .  A f te r  a 
tim e t s , where T2 » t s » T 2 , a 0 = Tf, r f  p u ls e  i s  a p p l ie d .  I f  p u ls e  
i n t e n s i t y  v e r su s  tim e i s  p l o t t e d ,  a Tf p u ls e  has tw ic e  th e  area  o f  a
Tr
— p u l s e .  T h is  p u l s e  r o t a t e s  t h e  e n t i r e  " fa n n e d  o u t "  group o f  i s o -  
ch ro m a ts  th ro u g h  180° a b o u t  th e  x / a x i s  as  i l l u s t r a t e d  i n  F i g .  3 * J 
Each i n d i v i d u a l  is o c h ro m a t  c o n t in u e s  t o  move in  t h e  same d i r e c t i o n  
a s  b e f o r e ;  how ever ,  now th e  m o tio n  w i l l  le a d  t o  a r e p h a s in g ,  o r  
c o m in g - to g e th e r  o f  t h e  v e c t o r s .  At a t im e  2 t s , th e  m a g n e t i z a t i o n  
w i l l  be r e s u r r e c t e d  and a  s p i n  echo  w i l l  be o b s e rv e d .  To p u t  
t h i s  d i f f e r e n t l y ,  t h e  a p p l i c a t i o n  o f  a  second  p u l s e  o f  th e  0 = TT 
ty p e ,  i n v e r t s  th e  o r d e r  o f  th e  v a r io u s  p r e c e s s i n g  i s o c h r o m a ts .
S in c e  th e  l o c a l  p r e c e s s i o n a l  f r e q u e n c i e s  a r e  p r e s e r v e d ,  th e  s p in s  
c o n t in u e  t o  p r e c e s s ,  b u t  r e p h a s e  i n  a t im e  e q u a l  to  th e  d e p h a s in g  
t i m e ,  r e s u l t i n g  in  a m a c ro sc o p ic  m a g n e t ic  moment. T h is  in d u c es  
t h e  echo p u l s e  i n  th e  p ic k -u p  c o i l .  The p u l s e  seq u en ce  i s  shown 
i n  th e  u p p e r  p a r t  o f  F ig .  3 . P r o c e s s e s  w hich p roduce  an i r r e v e r s i ­
b l e  change in  p h a s e ,  w i l l  i n  t im e ,  d e c r e a s e  th e  a m p l i tu d e  o f  th e  
echo  s i g n a l .  T hus ,  e x p e r im e n ts  w hich m easure  t h e  s i z e  o f  echo
Figure 3 S p in  echo  p u l s e  s eq u en ce  and p r e c e s s i o n  d iag ram . 
The seq u en ce  o f  e v e n t s  o c c u r s  a s  num bered , i n  th e  







s i g n a l s  as  a f u n c t i o n  o f  p u l s e  s e p a r a t i o n ,  y i e l d  e x p e r im e n ta l  v a lu e s  
o f  T2 .
C. EXTENSION TO OPTICAL FREQUENCIES
In  making th e  e x t e n s i o n  o f  th e  m a g n e t ic  sp in--^  c a s e  t o  in c lu d e  
t r a n s i t i o n s  a t  o p t i c a l  f r e q u e n c i e s ,  a s im p le  t w o - l e v e l  sy s tem  i s  a g a in  
c o n s id e r e d .  A lth o u g h  t h e r e  i s  no E0 a n a lo g o u s  to  B0 i n  t h e  o p t i c a l  
a n a l o g ,  th e  r o l e  o f  B0 i n  NMR was m e re ly  t o  p r o v id e  an en e rg y  
d i f f e r e n c e  be tw een  th e  u p p e r  and low er s t a t e s  c o n n e c te d  by th e  
t r a n s i t i o n  due t o  th e  Zeeman e f f e c t .  In  o t h e r  k in d s  o f  s p e c t r o s c o p y ,  
t h e  r o t a t i o n a l ,  v i b r a t i o n a l  and e l e c t r o n i c  H a m i l to n ia n s  w i l l  p ro v id e  
t h e  e n e r g i e s .  A ls o ,  no d i r e c t  u se  h a s  b een  made o f  th e  f a c t  t h a t  th e  
p o l a r i z a t i o n  o f  t h e  sam ple was m a g n e t ic .  In  th e  o p t i c a l  c a s e ,  th e  
e l e c t r i c  p o l a r i z a t i o n  p w i l l  r e p l a c e  Mx and M y ,  w h ile  Mz w i l l  be 
r e p r e s e n t e d  by th e  d i f f e r e n c e  i n  p o p u la t io n s  o f  th e  two s t a t e s . 9
The fo rm a l  e x t e n s i o n  t o  a t w o - l e v e l  sy s tem  o f  e l e c t r i c  d ip o l e s  
i s  g iv e n  by Feynman e t  a l . 10 The s i n g l e  atom wave f u n c t i o n  if i s  
d e s c r i b e d  as a l i n e a r  c o m b in a t io n  o f  th e  two s t a t i o n a r y  s t a t e s  r e p r e ­
s e n te d  by if! and i]/2
f  -  a ( t )  ijri +  b ( t )  ^2 . ( 8 )
A v e c t o r  sp ace  " r "  can  be  d e f in e d  w hich has  th e  same p r o p e r t i e s  and 
e q u a t io n s  o f  m o t io n  as  d id  "M", and w hich r e d u c e s  to  th e  o r d in a r y  
sp a c e  f o r  t h e  s p e c i a l  c a s e  o f  m a g n e tic  sp in --^ .
To do t h i s  in  a fo rm a l  way th e  H a m il to n ia n  can  be w r i t t e n
K1 = + 3Ci n t  (9)
o r ,
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JC -  ad ( ° + ~  n-  ) + j q n t ( 10)
where n+ and n_ a r e  t h e  p o p u la t i o n s  o f  th e  u p p e r  and low er l e v e l s  
r e s p e c t i v e l y .  The f i r s t  te rm  g iv e s  th e  en e rg y  o f  th e  system  in  th e  
a b s e n c e  o f  e x t e r n a l  r a d i a t i o n ,  and th e  second  te rm  r e p r e s e n t s  th e  
i n t e r a c t i o n  w i th  t h e  e l e c t r o m a g n e t i c  f i e l d .  I n  th e  n o t a t i o n  o f  
D icke  11 t h i s  becomes
w here th e  Rj o p e r a t o r s  o p e r a t i n g  on th e  j t h  a tom , have  t h e  p r o p e r ty  
t h a t
The q u a n t i t i e s  Ejj and Ey a r e  th e  t r a n s v e r s e  components o f  t h e  e l e c t r i c  
f i e l d  o f  t h e  a p p l i e d  r a d i a t i o n  f i e l d ,  and P i s  th e  e x p e c t a t i o n  v a lu e  
o f  th e  d ip o l e  moment o p e r a t o r .  I t  i s  assumed t h a t  a  c i r c u l a r l y  
p o l a r i z e d  l i g h t  wave o f  t h e  form
w i l l  p ro d u ce  t r a n s i t i o n s  be tw een  th e  g round and e x c i t e d  l e v e l s .  I f
jc = ho y, Rj 
j
3 ” ^  \/2  P (Ex Rj i  + Ey R j2 ) ( 11 )
E* = E° ( x  cos  tot + y s i n  u)t) (13)
a  g e n e r a l i z e d  o r  p s e u d o - e l e c t r i c  f i e l d  % i s  ta k e n  to  be
£ = ( U )
and a  p s e u d o - e l e c t r i c  moment d e f in e d  a s
(15)
th e n  JC i s  found t o  be




and th e  e q u a t io n  o f  m o tio n  i s  g iv e n  by
Y (p) X S* . (17)
/5 p
The e l e c t r o g y r i c  r a t i o  has  b een  in t r o d u c e d  a s  y « A lthough
(p )  can  be  v iew ed a s  p r e c e s s i n g  ab o u t  t h e  " f i e l d "  £ i n  th e  s e n s e  
o f  t h e  s t a t e  v e c t o r  r  i n  t h e  Feynman g e o m e t r i c a l  r e p r e s e n t a t i o n ,  t h e  
sp a c e  c o n s id e r e d  does  n o t  c o r re s p o n d  t o  o r d i n a r y  x y z - s p a c e  in  th e  
l a b o r a t o r y  T h is  e q u a t io n  o f  m o tio n  (17) i s  i d e n t i c a l  i n  m a the ­
m a t i c a l  form t o  t h e  one o b ta in e d  f o r  t h e  m a g n e t ic  c a s e  ( 1 ) .  The 
r e s u l t  can  be e x te n d e d  so  t h a t  a l l  o f  t h e  e q u a t io n s  f o r  u se  i n  
m a g n e t ic  r e s o n a n c e  t o  d e s c r i b e  v a r i o u s  t r a n s i e n t  phenomenon can  be 
u sed  f o r  e l e c t r i c  d i p o l e  a l lo w e d  t r a n s i t i o n  a t  o p t i c a l  f r e q u e n c i e s ,  
when M and B a r e  r e p l a c e d  by (p )  and E.
The o p t i c a l  a n a lo g  t o  t r a n s i e n t  n u t a t i o n s  i n  NMR i s  c a l l e d  
o p t i c a l  n u t a t i o n s .  The same v e c t o r  model t h a t  was u sed  i n  th e  
m a g n e t ic  c a s e  may be u sed  to  e x p l a i n  t h i s  e f f e c t .  The p seu d o ­
e l e c t r i c  moment i s  g iv e n  i n  th e  same form as  Eq. ( 5 )
(p )  = Po [z cos  (y E ° t )  +  x s i n  ( y E ° t ) s i n  ojt + y s i n  ( y E ° t ) c o s  out], (18)
w here yE°  = oui, E°  i s  t t ie  maximum e l e c t r i c  f i e l d  a m p li tu d e  and u> i s  
th e  f r e q u e n c y  o f  th e  r a d i a t i o n  f i e l d .
In  th e  p r e c e e d in g  a rg u m e n t ,  r e l a x a t i o n  e f f e c t s  have  been  
n e g l e c t e d .  The same symbols as  th o s e  used  i n  m a g n e t ic  r e s o n a n c e  may 
be  a d o p te d  f o r  t h e  r a t e s  o f  t h e s e  p r o c e s s e s  ( i . e .  , 1 /T X and l / T 2 ) and 
t h o s e  p r o c e s s e s  may be  g iv e n  g e n e r a l l y  th e  same p h y s i c a l  i n t e r p r e t a t i o n s .  
L et A be th e  p o p u l a t i o n  d i f f e r e n c e  be tw een  th e  two quantum s t a t e s ,  
co n n e c te d  by t h e  t r a n s i t i o n .  The r a t e  a t  w hich A r e t u r n s  to  i t s
22
e q u i l i b r i u m  v a l u e ,  th ro u g h  f low  o f  en e rg y  from th e  ensem ble  t o  th e  
s u r ro u n d in g  h e a t  b a t h ,  i s  1 /T X. The l o s s  o f  p h ase  c o h e re n c e  among 
t h e  d i p o l e s  o f  t h e  v a r io u s  quantum system s o f  th e  ensem ble  i s  a co n ­
se q u en ce  o f  b o th  T2 and Te* p r o c e s s e s .  A gain  T2 r e p r e s e n t s  homo­
g e n e o u s ,  i r r e v e r s i b l e  d e p h a s in g  and T2* r e p r e s e n t s  inhomogeneous 
r e v e r s i b l e  d e p h a s in g .  Because  o f  th e  s i m i l a r i t y  o f  t h e  p h y s i c a l  
p r o c e s s e s  w hich g iv e  r i s e  t o  T1} T2 , and T2* i n  b o th  t h e  
r f  and o p t i c a l  r e g io n s  o f  th e  s p e c tru m ,  b o th  FID and ech o e s  were 
p r e d i c t e d  and have  b e e n  o b s e rv e d  i n  m a g n e t ic  r e s o n a n c e  and o p t i c a l  
s p e c t r o s c o p y .  The t h e o r e t i c a l  e q u a t io n s  d e s c r i b i n g  t h e s e  two c a s e s  
a r e  i d e n t i c a l  i n  m a th e m a t ic a l  form .
D. THE STARK-SWITCHING METHOD OF COHERENT TRANSIENTS
F ig u re  k i l l u s t r a t e s  a s im p le  tw o - l e v e l  sy s tem  w hich e x h i b i t s  a 
change in  t r a n s i t i o n  f r e q u e n c y  when a S t a r k  p u l s e  o f  a m p l i tu d e  Eg i s  
a p p l i e d .  S in c e  th e  sam ple i s  a g a s ,  t h e  t r a n s i t i o n  i s  D o p p le r  
b ro a d e n e d .  I n i t i a l l y ,  m o le c u le s  o f  v e l o c i t y  V a r e  e x c i t e d  by l a s e r  
r a d i a t i o n  o f  f r e q u e n c y  cu. I t  i s  assumed t h a t  t h e  l a s e r  f r e q u e n c y  ou 
f a l l s  w i t h i n  th e  D o p p le r  l i n e  w id th  o f  ~  80 MHz and e x c i t e s  i n  s t e a d y  
s t a t e  a narrow  v e l o c i t y  group  V whose homogeneous l i n e  w id th  i s  
~  100 kH z . 14 When t h e  S ta r k  p u l s e  a p p e a r s ,  th e  group i s  no lo n g e r  
i n  re s o n a n c e  and w i l l  b e g in  t o  r a d i a t e  an  FED s i g n a l .  At th e  same 
t im e ,  a second  v e l o c i t y  group V / w i l l  be s w i tc h e d  i n t o  r e s o n a n c e  
and w i l l  a l t e r n a t e l y  a b s o rb  and em it  r a d i a t i o n .  The S t a r k  s h i f t  i s  
l e s s  th a n  th e  D opp le r  w id th  so  t h a t  a b s o r p t i o n  s t i l l  o c c u r s .  T h is  
o p t i c a l  r i n g i n g  o r  n u t a t i o n  e f f e c t  shows up a s  a damped o s c i l l a t i o n .
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F ig u r e  k
' a
O p t i c a l  s w i t c h i n g  b e h a v i o r  o f  a  D o p p le r -b ro a d e n e d  
t r a n s i t i o n  t o  a  S t a r k  p u l s e  o f  a m p l i tu d e  E s . The l a s e r  
f r e q u e n c y  i s  cu and e m is s io n  o c c u r s  a t  <%.
2b
Stork  sh if ted
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F i n a l l y ,  when th e  p u l s e  t e r m i n a t e s ,  th e  group  V i s  su d d en ly  e x c i t e d  
and i t  now b e g in s  t o  n u t a t e  w h i le  t h e  group  V ' e m i ts  a  FID s i g n a l .
T h is  e n t i r e  seq u en ce  i s  shown i n  F ig .  5 f o r  NH^D g a s . 15 The n u t a t i o n  
s i g n a l  i s  t h e  s lo w ly  v a r y in g  b a c k g ro u n d ,  and b e c a u s e  t h e  r e l a x a t i o n  t im e s  
a r e  s h o r t ,  o n ly  one h a l f  c y c l e  o f  t h e  n u t a t i o n a l  p e r io d  i s  s e e n .  S in c e  
th e  e m is s io n  i s  c o h e r e n t ,  and c o l i n e a r  w i th  th e  l a s e r  beam, h e t e r o ­
d y n in g  o c c u r s .  The f a s t  w ig g le s  i n  t h e  s i g n a l  r e p r e s e n t  t h i s  b e a t ,  
i t s  f r e q u e n c y  i s  e q u a l  t o  t h e  d i f f e r e n c e  i n  f re q u e n c y  be tw een  th e  
l a s e r  and u n - S t a r k - s h i f t e d  s i g n a l  ( u ) - u )s ) . 14  S in c e  a  l i n e a r  S ta r k  
e f f e c t  i s  u sed  t o  s h i f t  t h e  l e v e l s ,  t h e  b e a t  f r e q u e n c y  w i l l  be 
p r o p o r t i o n a l  t o  t h e  a m p l i tu d e  o f  th e  S t a r k  p u l s e .  Thereby  v a r y in g  
t h i s  e x p e r im e n ta l  p a r a m e te r  w h i le  o b s e r v in g  w h e th e r  o r  n o t  th e  
b e a t  f r e q u e n c y  c h a n g e s ,  one can  d e te rm in e  i f  in d e e d  an o b s e rv e d  
e f f e c t  i s  r e a l  o r  j u s t  a s p u r io u s  s i g n a l .
O th e r  r e l a t e d  c o h e r e n t  t r a n s i e n t  phenomena can  be o b se rv e d  by 
t h i s  m ethod ; f o r  exam ple ,  p h o to n  ech o es  can  be p roduced  by th e  
a p p l i c a t i o n  o f  two S ta r k  p u l s e s  w i th  th e  same c o n s t r a i n t s  a s  r e s e r v e d  
i n  t h e  a n a lo g o u s  NMR exam ple .  The echo  s i g n a l  i s  s h i f t e d  i n  f r e ­
quency from t h a t  o f  th e  l a s e r  and a  b e a t  i s  o b s e rv e d ,  as  was d i s ­
c u s se d  e a r l i e r .
E. OPTICAL NUTATION AND FREE INDUCTION DECAY IN NH J)
The mechanisms by w hich  r e l a x a t i o n  o c c u r s  depend on th e  ty p e  
o f  sy s tem  w hich i s  b e in g  i n v e s t i g a t e d .  T hese  mechanisms f o r  NHpD 
do n o t  d i f f e r  g r e a t l y  from th e  r e l a x a t i o n  mechanisms o f  o t h e r  g a se s  
used  in  th e  s tu d y  o f  S t a r k - s w i t c h e d  c o h e r e n t  t r a n s i e n t s . 15 I t  i s
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F ig u r e  5 . O p t i c a l  FID s i g n a l s  from  th e  sam ple NHaD a t  a  p r e s s u r e  











assumed th a t  m o lecu lar  c o l l i s i o n s  term in a te  coh eren t  em is s io n  pro­
c e s s e s ,  as fo r  exam ple, a change in  r o t a t i o n a l  s t a t e .  That i s ,  i t  
i s  assumed th a t  hard c o l l i s i o n s  are dominant and th a t  Tj_ «  T2 .
S o f t  c o l l i s i o n s ,  which do not change th e  r o t a t i o n a l  s t a t e  but on ly  
th e  m o lecu lar  v e l o c i t y ,  r eq u ir e  a d i f f e r e n t  trea tm en t;  in  such a 
c a s e ,  th e  e m iss io n  frequency  can a c t u a l l y  s h i f t  b ecau se  o f  a d i f f e r ­
ence  in  inhomogeneous l i n e  s h a p e .14 T his problem has been handled  
in  s p in  r e s o n a n c e ,17 but i t  i s  g e n e r a l ly  n e g le c t e d  in  th e  analogous  
o p t i c a l  s i t u a t i o n .  The T2* dephasing  mechanism i s  Doppler b roaden ing ,  
where the  v e l o c i t y  spread i s  determined by the p u ls e  w idth t w .
The FID s ig n a l  should  d isap pear  a f t e r  a time equal to  the  p u ls e  w id th ,  
th a t  i s ,  at t  = 2tw- T his b eh av ior  r e s u l t s  from th e  f a c t  th a t  a
2jf
p u ls e  o f  w idth t w e x c i t e s  a frequency band o f  ~  (uu + r ~ )  w ith in  the  
Doppler l i n e  shape. The d ip o le s  then  dephase c o m p le te ly  in  a time  
which i s  j u s t  th e  F o u r ier  transform  o f  t h i s  bandwidth, th a t  i s ,  in  a 
tim e tw .
An " i n f i n i t e l y "  long  Stark p u ls e  may be used  to  produce a s teady  
s t a t e  p r e p a r a t io n  o f  th e  sam ple. In t h i s  c a s e ,  by s o lu t io n  o f  the  
undamped Bloch e q u a t io n s  in  th e  r o t a t in g  frame fo r  a s i n g l e  m o le c u le ,  
and then a verag in g  over a l l  t r a n s i t i o n s  and a l l  c o l l i s i o n  t im es  fo r  
an ensemble o f  m o le c u le s ,  i t  i s  found th a t  th e  p o la r i z a t io n  (and hence  
the in d u c t io n  s i g n a l )  decays as
where t i s  an e f f e c t i v e  r e la x a t io n  tim e ( r e l a t e d  to  th e  mean time
exp
(19)
between c o l l i s i o n s )  and o)i = P E?/fi. The o p t i c a l  f i e l d  
E = E q / c o s  a)t i s  assumed t o  be l i n e a r l y  p o la r iz e d  and P * . 3  D i s  the  
t r a n s i t i o n  d ip o le  m atr ix  e lem en t .  The decay eq u a tio n  has th e  f o l ­
low ing i n t e r p r e t a t i o n .  The f i r s t  f a c t o r  i s  determ ined by c o l l i s i o n a l  
r e la x a t io n  p r o c e s s e s ,  and th e  second f a c t o r  e x p r e s s e s  th e  dephasing  
o f  t r a n s i t i o n  d ip o le s  due t o  inhomogeneous D oppler broadening fo r
th e  c o n d i t io n  o f  a f r e e l y  r a d ia t in g  system  (as  in  FID). The band-
1/2width ( l / r 2  + o)i2 ) r e f l e c t s  th e  homogeneous l in e w id th  during  
the  s tea d y  s t a t e  p r e p a r a t iv e  s ta g e  and in c lu d e s  c o l l i s i o n  and power 
broadening; th e  la t te r  i s  due to  s a t u r a t io n . 14
D i f f e r e n t i a t i o n  o f  the  p o l a r i z a t i o n  e q u a t io n  w ith  r e s p e c t  to  
tim e g iv e s  an approximate frequen cy  o f  n u ta t io n  cui = P E° / i i .
Thus, as  would be e x p e c te d ,  th e  frequency o f  n u ta t io n  in c r e a se s  w ith  
in c r e a s in g  f i e l d ,  EQ /.
I t  appears th a t  v a lu e s  fo r  T s  r e la x a t io n  cou ld  be ob ta in ed  
from decay e n v e lo p e s .  U n fo r tu n a te ly ,  the  n u ta t io n a l  decay appears  
to  be governed la r g e ly  by s p a t i a l  v a r i a t i o n s  in  th e  o p t i c a l  f i e l d ,  
as in d ic a te d  by the  s e n s i t i v i t y  o f  th e  r in g in g  p a tte r n s  to  d e t e c t o r  pos 
t io n in g  and to  reducing  the ap ertu re  o f  th e  tra n sm itted  beam. For 
t h e s e  r e a s o n s ,  q u a n t i t a t iv e  measurements o f  T2 by t h i s  method are  
not y e t  f e a s i b l e . 18
F. HETERODYNE DETECTION
The observed s i g n a l s  are  produced by a phased array o f  d ip o le s  
which r a d ia t e s  in  un ison  on ly  in  the forward d i r e c t i o n .  S in ce  th e  
s ig n a l  from the l a s e r  and sample are c o l in e a r  and o f  the same 
p o l a r i z a t i o n ,  they heterodyne a t  th e  in fr a r e d  d e t e c t o r ,  producing
:)o
a b e a t  s i g n a l  as  m en tioned  e a r l i e r .
C o n s id e r ,  f o r  ex am p le ,  t h e  a d d i t i o n  o f  two c o s in e  w aves:
AR( t )  = A co s  oj t  + As cos (jus t  (20)
The u n s u b s c r i p t e d  com ponent, due to  t h e  l a s e r - l o c a l  
o s c i l l a t o r ,  i s  much l a r g e r  th a n  th e  s - s u b s c r i p t e d  com ponent, 
due t o  th e  s i g n a l .  I t  i s  n e c e s s a r y  t o  s q u a re  Eq. ( 2 0 ) ,  s in c e  
i n t e n s i t y  i s  p r o p o r t i o n a l  to  th e  s q u a r e  o f  th e  a m p l i t u d e ,  and th e  
i n f r a r e d  d e t e c t o r  re sp o n d s  to  i n t e n s i t i e s .  The f re q u e n c y  
r e s p o n s e  o f  t h e  d e t e c t o r  i s  such  t h a t  i t  can  o n ly  re sp o n d  to  t h e  
d i f f e r e n c e  f r e q u e n c y  (ms -  au). T hus , te rm s  w hich a r e  a f u n c t i o n  
o f  t h e  sum f re q u e n c y  (o)s + tu) may be  n e g l e c t e d .  T h is  g iv e s  a s  a 
r e s u l t :
l( t )G C A f ( t )  «  ^A2 + 7jAg 2 +  2k  As cos  (u)s -  o))t „ (21)
S in c e  t h e  d e t e c t o r  o n ly  re sp o n d s  t o  a  c h an g in g  i n t e n s i t y ,  t h e  te rm  
A^ -j- A2
 2— 3 w i l l  be removed by "ac  c o u p l i n g . "  T h is  te rm ,  which c o n t a in s
th e  l a r g e  l o c a l  o s c i l l a t o r  c o n t r i b u t i o n , d o e s  n o t  go u n n o t i c e d  a s  
i t  c an  c a u s e  o v e r h e a t in g  and th u s  s a t u r a t i o n  o f  t h e  d e t e c t o r  e le m e n t .  
The l a s t  te rm ,  w hich i s  a f u n c t i o n  o f  th e  d i f f e r e n c e  f re q u e n c y ,  i s  
r e s p o n s i b l e  f o r  th e  " s i g n a l " .  Thus th e  peak i r r a d i a n c e  a t t a i n a b l e  
i s  ro u g h ly  A Aj = ( i  I s ) ^ .  F o r  t y p i c a l  v a lu e s  o f  1 W cm- 2  from
th e  l o c a l  o s c i l l a t o r  and 1 p,W cm- 2  from th e  sa m p le ,  a h e te ro d y n e  
s i g n a l  o f  1 mW cm- 2  i s  o b t a i n e d .  Thus i t  i s  e v i d e n t  t h a t  i n  t h i s  
c a s e  h e te r o d y n e  d e t e c t i o n  en h an ces  s i g n a l  s e n s i t i v i t y  1000- f o l d .
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CHAPTER I I I  
EXPERIMENTAL
A. INTRODUCTION
In  g e n e r a l  te rm s ,  th e  p r o d u c t io n  and  o b s e r v a t i o n  o f  c o ­
h e r e n t  t r a n s i e n t s  proceeded a s  f o l l o w s :  A sam ple  ( l 4N1H22 H) was
s e l e c t e d  t h a t  i s  t r a n s p a r e n t  t o  t h e  i n f r a r e d  beam o f  th e  r a d i a ­
t o r  (a  cw CO2 l a s e r ) .  R a d i a t i o n  p a s s in g  th ro u g h  th e  sam ple  was 
c o v e r t e d  to  an  e l e c t r i c  s i g n a l  by means o f  an  i n f r a r e d  d e t e c t o r .
A p u ls e d  e l e c t r i c  f i e l d  a p p l i e d  to  th e  sam ple  m o le c u le s  a b r u p t l y  
changed th e  s p a c in g  o f  s e v e r a l  o f  t h e  m o le c u la r  e n e rg y  l e v e l s  
by means o f  th e  l i n e a r  S t a r k  e f f e c t .  C o n s e q u e n t ly ,  th e  d i p o l e -  
a l lo w e d  t r a n s i t i o n  be tw een  a  p a i r  o f  th e s e  s h i f t e d  l e v e l s  was 
s w i tc h e d  f i r s t  i n t o  and th e n  o u t  o f  re s o n a n c e  w i th  th e  c o h e r e n t  
i n f r a r e d  r a d i a t i o n .  The r e s u l t a n t  m o d i f i c a t i o n  o f  t h e  d e t e c t e d  
s i g n a l  was e l e c t r o n i c a l l y  p r o c e s s e d ,  and th e  o u tp u t  w ave­
form was c h a r a c t e r i s t i c  o f  o p t i c a l  n u t a t i o n  and FID.
C o h e ren t  t r a n s i e n t  e f f e c t s  p roduced  i n  NH2 D by means o f  
a  cw CO2 l a s e r  and a  p u l s e d  S t a r k  f i e l d  have  been  o b se rv e d  
p r e v i o u s l y  by o t h e r  w o rk e r s .  The o r i g i n a l  c o n t r i b u t i o n  o f  th e  
w ork r e p o r t e d  h e r e  i s  th e  ap p a ra tu s  u sed  i n  p e r fo rm in g  th e  
e x p e r im e n t .  At t h e  h e a r t  o f  th e  new a p p a ra tu s  l i e s  t h e  p h o to ­
v o l t a i c  i n f r a r e d  d e t e c t o r :  n e v e r  b e f o r e  t h i s  w ork had  a
m ercu ry  cadmium t e l l u r i d e  c r y s t a l  been  employed i n  th e  o b ­
s e r v a t i o n  o f  c o h e r e n t  t r a n s i e n t s .
In  t h i s  c h a p t e r ,  th e  equipm ent u sed  to  p ro d u ce  and s tu d y  o p t i c a l  
c o h e r e n t  t r a n s i e n t s  i s  d e s c r i b e d ,  as  w e l l  a s  th e  n a t u r e  and
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p r e p a r a t i o n  o f  t h e  sam ple  i n  w h ich  t h e s e  t r a n s i e n t s  o c c u r r e d .
A ls o ,  th e  t e c h n iq u e s  t h a t  w ere  em ployed a r e  e x p l a in e d .  These 
sy s tem s  and p ro c e d u re s  have  ev o lv ed  to  t h e i r  p r e s e n t  s t a t e ,  
and th e  "hows" and "whys" o f  t h i s  e v o l u t i o n  a r e  i n d i c a t e d .
M ost o f  th e  h a rd w are  (m a jo r  e x c e p t io n s  a r e  t h e  C02 l a s e r  and 
t h e  IR d e t e c t o r )  was d e s ig n e d  and c o n s t r u c t e d  i n  o u r  l a b o r a t o r y  
b e ca u se  com m ercia l a l t e r n a t i v e s  w ere  u n a v a i l a b l e  o r  to o  
e x p e n s iv e .  Each e x p e r im e n ta l  component w i l l  b e  d i s c u s s e d  i n  
d e t a i l  i n  s e c t i o n  C o f  t h i s  c h a p t e r .  The n o n - e s s e n t i a l  
e l e c t r o n i c  c i r c u i t r y  and d e t a i l e d  o p e r a t i n g  i n s t r u c t i o n s  w i l l  
be d e s c r ib e d  i n  t h e  a p p e n d ic e s .
The c h a r a c t e r i s t i c s  o f  NH2 D t h a t  a r e  p e r t i n e n t  t o  t h i s  
work w i l l  be d i s c u s s e d  i n  s e c t i o n  B.
B. CHARACTERISTICS OF NHSD
The sam ple  u sed  i n  th e  ex p e r im e n t  was m o n o -d e u te r a te d  
ammonia, NHgD ( l 4N1H22 H ), i n  t h e  gas p h a se  a t  low p r e s s u r e  
and am b ien t  t e m p e r a tu r e .  Brewer1 was th e  f i r s t  t o  employ t h i s  
m o le c u le  i n  S t a r k - s h i f t e d  c o h e r e n t  t r a n s i e n t  e x p e r im e n t s .  The 
m o le c u la r  m o t io n  a s s o c i a t e d  w i th  th e  t r a n s i t i o n  i s  e s s e n t i a l l y  
a  v i b r a t i o n  o f  th e  n u c l e a r  framework. The n u c l e a r  f ram e­
w ork  o f  n o n - l i n e a r  XY3 m o le c u le s  h as  t h r e e  t r a n s l a t i o n a l ,  
t h r e e  r o t a t i o n a l  and s i x  v i b r a t i o n a l  d e g re e s  o f  freedom .
The v i b r a t i o n  o f  i n t e r e s t  i n  t h i s  d i s s e r t a t i o n  i s  named 
v2 . The c o r r e s p o n d in g  m o tio n  o f  t h e  n u c l e a r  framework may 
be v i s u a l i z e d  as  a  d i s p la c e m e n t  o f  t h e  n i t r o g e n  atom p e r ­
p e n d i c u l a r  to  t h e  p la n e  o f  th e  h y d ro g en  a tom s. For t h i s
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r e a s o n ,  t h e  v i b r a t i o n  i s  som etim es c a l l e d  t h e  u m b re l la  v i b r a t i o n .  
A long t h i s  c o o r d i n a t e ,  t h e r e  a r e  two minima i n  t h e  p o t e n t i a l  
e n e rg y  s u r f a c e ,  one w i t h  th e  n i t r o g e n  on one s i d e  o f  t h e  p la n e  
o f  t h e  h yd rogens  and  one w i th  t h e  n i t r o g e n  on th e  o t h e r  s i d e .  At 
h ig h  t e m p e r a t u r e s ,  t h e  n i t r o g e n  atom can  move f r e e l y  from one 
s i d e  o f  t h e  p l a n e  t o  th e  o t h e r  ( i n v e r s i o n  o f  t h e  u m b r e l l a )  b e ­
c a u s e  t h e  e n e rg y  b a r r i e r  be tw een  th e  two minima i s  so  low . 2 
Even a t  t e m p e r a tu r e s  to o  low to  p e r m i t  th e rm a l  i n v e r s i o n ,  th e  
n i t r o g e n  atom can  p a s s  th ro u g h  t h e  b a r r i e r  by  means o f  quantum 
m e c h a n ic a l  t u n n e l i n g .  As a  r e s u l t ,  t h e  s t a t i o n a r y  s t a t e s  o f  
ammonia hav e  e q u a l  p r o b a b i l i t y  d e n s i t y  f o r  n i t r o g e n  on b o th  
s i d e s  o f  t h e  b a r r i e r .  The Levels on each  s i d e  t h a t  would  be 
d e g e n e r a t e  i n  t h e  a b s e n c e  o f  t u n n e l i n g  a r e  r e p l a c e d  by two 
c l o s e l y  sp a c e d  n o n - d e g e n e ra te  l e v e l s .  One o f  t h e s e  i s  
a s s o c i a t e d  w i th  a  sym m etric  ( s ) ,  and th e  o t h e r  w i th  a n  a n t i ­
sym m etr ic  ( a )  c o m b in a t io n  o f  t h e  w a v e fu n c t io n s  c o r r e s p o n d in g  
to  t h e  two d i f f e r e n t  e q u i l i b r i u m  l o c a t i o n  o f  th e  n i t r o g e n  
atom . The s p l i t t i n g  o f  t h e s e  d e g e n e r a t e  l e v e l s  i s  c a l l e d  
i n v e r s i o n  d o u b l i n g . 3
O rd in a ry  ( u n d e u te r a t e d )  ammonia h a s  C3 V symmetry, h a v in g  
a  momental e l l i p s o i d  o f  sym m etric  to p  ty p e .  The p o i n t  group  
symmetry o f  NlfeD i s  Cs . I t  h as  a  momental e l l i p s o i d  o f  th e  
a s y m m e tr ic  to p  ty p e .  The t r a n s i t i o n  ta k e s  p l a c e  betw een 
t h e  J  = !*■ r o t a t i o n a l  l e v e l  o f  t h e  v i b r a t i o n a l  ground s t a t e  and
th e  J  = 5 r o t a t i o n a l  l e v e l  o f  t h e  e x c i t e d  v i b r a t i o n a l  s t a t e .
F or a  sym m etr ic  to p  t h e r e  a r e  J  +  1 s u b l e v e l s  o f  d i f f e r e n t
en e rg y  f o r  each  v a lu e  o f  J  (K = 0 , 1 , 2 , . .  , j )  o f  w h ich  a l l  b u t
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one (K = 0 )  a r e  d o u b ly  d e g e n e r a t e .  In  p a s s in g  from th e  
sym m etric  to p  t o  t h e  a sy m m etr ic  to p  t h i s  d e g e n e ra c y  i s  r e ­
moved, s i n c e  t h e r e  i s  no lo n g e r  a  p r e f e r r e d  d i r e c t i o n  w hich  
c a r r i e s  o u t  a  s im p le  r o t a t i o n  a b o u t  J . 4
For an  asym m etr ic  t o p ,  t h e  t o t a l  a n g u l a r  momentum and i t s  
—►
p r o j e c t i o n  M on an a x i s  f i x e d  i n  s p a c e  a r e  c o n s t a n t s  o f  t h e  
m o t io n .  Thus J  and M a r e  "good"  quantum numbers w hich can  be
u sed  to  s p e c i f y  th e  s t a t e  o f  th e  r o t o r .  However, th e  
—>
a n g u l a r  momentum K, w hich  i n  a sym m etric  to p  i s  th e  p r o j e c t i o n  
>
o f  J  on th e  symmetry a x i s , no lo n g e r  h a s  a  "good" quantum num­
b e r ^ )  and c a n n o t  be  u s e d  to  s p e c i f y  t h e  r o t a t i o n a l  s t a t e .
T h is  i s  t h e  c a s e  s i n c e  n e i t h e r  i n  t h e  c l a s s i c a l  m o t io n  n o r  f o r  
th e  q u an tu m -m ec h an ica l  s o l u t i o n  i s  t h e  component o f  a n g u l a r  
momentum c o n s t a n t  a lo n g  any  d i r e c t i o n  i n  t h e  r o t a t i n g  asym­
m e t r i c  m o le c u le .  T here  i s  no s e t  o f  c o n v e n ie n t  quantum 
numbers w hich  can  s p e c i f y  t h i s  s t a t e  and a l s o  have  s im p le  
p h y s i c a l  m eaning . The e n e rg y  l e v e l s  a r e  u s u a l l y  s p e c i f i e d ,  
by th e  v a lu e s  K - i ,  f o r  t h e  l i m i t i n g  c a s e  o f  a  p r o l a t e  sym m etric  
t o p ,  and K i,  f o r  th e  l i m i t i n g  c a s e  o f  an  o b l a t e  sym m etric  
t o p ,  u sed  as  s u b s c r i p t s  t o  J . 5 I n  t h e  n o t a t i o n  j u s t  d e s ­
c r ib e d ,  t h e  NH2 D a b s o r p t i o n  l i n e  o f  i n t e r e s t  w hich  was 
i d e n t i f i e d  by B rew er1 b e lo n g s  t o  th e  t r a n s i t i o n  (v ? ,  J T. T.) =
K- i Ki
(0a > ^ 0 4 ) -* ( Is > 5i4)>
The s c h e m a t ic  e n e rg y  l e v e l  d ia g ra m  f o r  NH2 D i s  p r e s e n t e d  
in  F ig .  1. In  th e  p r e s e n c e  o f  an  e l e c t r i c  f i e l d  E, t h e  
m a g n e t ic  quantum number M d e s c r i b e s  t h e  p r o j e c t i o n
Figure 1 S ch em atic  e n e rg y  l e v e l  d ia g ra m  f o r  NH^D 
A l l  v a lu e s  a r e  i n  u n i t s  o f  cm- 1 . Degen 
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o f  J  a lo n g  th e  E d i r e c t i o n .  In  t h e  FID e x p e r im e n ts  t h e  
l a s e r  was p o l a r i z e d  such  t h a t  i t s  e l e c t r i c  f i e l d  o s c i l l a t e d  
p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  E. Thus, th e  s e l e c t i o n  
r u l e  = +1 a p p l i e s .  For t h i s  t r a n s i t i o n , M  changes  from a  
v a l u e  o f  ^  t o  a  v a l u e  o f  5* The s t a t i c  e l e c t r i c  f i e l d  e x e r t s  
a  to r q u e  on t h e  m o le c u la r  d i p o l e  moment th e r e b y  c h an g in g  
i t s  r o t a t i o n a l  m o t io n .  T h is  c a u se s  t h e  d i f f e r e n t  v a lu e s  o f  
M to  r e p r e s e n t  d i f f e r e n t  e n e r g i e s . 8 The r e s u l t i n g  l a r g e  l i n e a r  
S ta r k  e f f e c t , w h i c h  o c c u r s  i n  th e  low er l e v e l ,  a l lo w s  th e  
t r a n s i t i o n  t o  be  tu n e d  t o  t h e  CQ2 l a s e r  e m is s io n  a t  9 ^ - .1 9 1  cm”1 
The m a g n itu d e  o f  th e  e f f e c t  i s  on t h e  o r d e r  o f  568  kHz cm V” 1 , 
and  th e  t r a n s i t i o n  f r e q u e n c y  i n c r e a s e s  w i th  i n c r e a s i n g  f i e l d .
The p r e s s u r e  b ro a d e n in g  p a ra m e te r  ( a r i s i n g  from m o le c u la r  
c o l l i s i o n s )  f o r  t h e  l i n e w i d t h  i s  3 2 .5  MHz T o r r - 1 , so  t h a t  a t  
h ig h  sam ple  p r e s s u r e s ,  a  l a r g e  ac  S t a r k  f i e l d  may be  needed  
to  m o d u la te  th e  a b s o r p t i o n  o f  t h e  g a s . 10 A t low p r e s s u r e s  
( l e s s  th a n  one T o r r ) ,  t h e  p re d o m in a n t  l i n e  b ro a d e n in g  i s  due 
to  t h e  D o p p le r  e f f e c t .  D o p p le r  b ro a d e n in g  i s  a  v e l o c i t y  
e f f e c t  and th u s  depends on m o le c u la r  w e ig h t  and  te m p e r a tu r e  o f  
t h e  sam p le .  (A lthough  i t  i s  r e c o g n iz e d  t h a t  t h e  P a s c a l  i s  
t h e  a c c e p te d  SI p r e s s u r e  u n i t ,  t h e  u n i t  T o r r ,  1 T o r r  ■ I 33 P a ,  
i s  u sed  in  t h i s  d i s s e r t a t i o n  b e c a u se  i t  i s  s t i l l  w id e ly  u sed  
by e x p e r im e n te r s  i n  t h i s  f i e l d  and a l s o  a l l  o f  o u r  p r e s s u r e  
gauges  p ro d u c e d  r e a d o u t s  i n  t h i s  u n i t . ) For NH^D, th e  
D o p p le r  b ro a d e n in g  i s  c a . 80 MHz1 a t  a  t e m p e r a tu r e  o f  298K.
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Samples w ere  p r e p a r e d  by m ix in g  co m m e rc ia l ly  p r e p a r e d  
9 9 .9 $  NH3 1C> and 9 9 .0 $  ND3 . 11 Jo h n so n  and M e l v i l l e 12 r e p o r t e d  
t h a t  exchange  be tw een  h y d ro g en  and d e u te r iu m  i s  r a p i d  w i th  
e q u i l i b r i u m  b e in g  a t t a i n e d  i n  l e s s  th a n  one m in u te .
S e v e r a l  d i f f e r e n t  c o m b in a t io n s  a r e  fo rm ed . T h e re  a r e  two 
s t a b l e  n i t r o g e n  n u c l e i ,  l 4 N and 15N, and two s t a b l e  hyd ro g en  n u c l e i ,  
1H and and t h e r e f o r e  t h e r e  a r e  e i g h t  p o s s i b l e  n o n - r a d i o a c t i v e  
ammonias. They a r e  l i s t e d  in  T ab le  I  t o g e t h e r  w i th  t h e i r  r e l a t i v e  
abundances  (m ole f r a c t i o n s )  a s  a  f u n c t i o n  o f  Xjj, t h e  mole f r a c t i o n  
o f  15N i n  n i t r o g e n ,  and Xp, t h e  m ole f r a c t i o n  o f  i n  h y d ro g e n .
In n a t u r a l ly  o ccu rr in g  so u rces  on th e  e a r t h ' s  s u r f a c e ,  X  ̂ = O.OO3 6  
and Xd = O.OOOI5 ; th e  r e s u l t i n g  mole f r a c t i o n s  a l s o  appear in  the  
t a b l e . 13  F igu re  2 i s  a graph o f  th e  e q u i l ib r iu m  mole f r a c t i o n  
NHgD as a fu n c t io n  o f  mole f r a c t i o n  o f  ND3 in  th e  s t a r t i n g  m ixture  
w ith  NH3 .
Johnson  and M e l v i l l e 12 f o u n d ,  th ro u g h  mass s p e c t r o m e te r  
a n a l y s i s ,  t h a t  a sam ple p r e p a r e d  by m ix in g  k0% ND3 and 60$ NH3 
c o n t a in e d  45$ ±  10$ NH2D. (A ll  p e r c e n ta g e s  a r e  mole p e r c e n t s ,  
w i th  n i t r o g e n  i s o t o p e s  a t  t h e i r  n a t u r a l  a b u n d a n c e ) .  As can  be se e n  
from  th e  p l o t  in  F ig .  2 ,  t h i s  v a lu e  encom passes  th e  t h e o r e t i c a l  
l i m i t  o f  43$ NH2D. They a l s o  r e p o r t e d  t h a t  when th e  same a n a l y s i s  
was p erfo rm ed  on t h e i r  99$  ND3 11 , t h e  r e s u l t s  showed l e s s  th a n
7 0 $  ND3 .
TABLE I
ABUNDANCES OF STABLE AMMONIA
I s o t o p i c  S p e c ie s  
o f  Ammonia
Mole f r a c t i o n  
abundance  f o r  
g e n e r a l  XM and Xn
(1-XN) ( i - x D) 3
15N1H3 xN ( i - x D) 3
3(1-X N) (I-X u^ jj
15n1h2sh 3 xN (1  - % ) %
14n1h 2h2 3 ( 1- % )  ( 1- x d )xd 2
15n 1h2h2 3 xN ( l - x D) xD2
SPECIES
Mole f r a c t i o n  
n a t u r a l  abundance
9 .9 6  x 1CT1
3 . 6  x 10“ 4 
U.5 x 10"4
1 .6  x 10“ 6
6 .7  x 10"8
2 . k  x 10“ 10
Figure 2 E q u i l ib r i u m  mole f r a c t i o n  o f  N H ^ a s  a  f u n c t i o n  
o f  mole f r a c t i o n  o f  ND3 i n  th e  s t a r t i n g  m ix tu r e  
w i th  NH3 .
(initio!)





A m ix tu re  o f  50% ±  2% ND3 was employed in  t h e  FID e x p e r im e n ts .  
I t  was found  t h a t  a v a r i a t i o n  i n  i n i t i a l  m ix tu r e  c o m p o s i t io n  o f  as 
much a s  20°[o d id  n o t  n o t i c e a b l y  a f f e c t  t h e  s i g n a l .  T h is  r e s u l t  
a g r e e s  w i th  th e  f i n d i n g s  o f  Johnson  and M e l v i l l e 12 in  t h e i r  h ig h  
p r e s s u r e ,  low f r e q u e n c y  S ta r k  m o d u la t io n  e x p e r im e n ts .
A lth o u g h  th e  r a p i d  exchange  be tw een  hyd ro g en  and d e u te r iu m  i s  
h e l p f u l  i n  fo rm in g  NH^D, th e  same r a p i d  i s o p to p e  exchange  can  a l s o  
d e s t r o y  th e  sam p le .  The exchange  a l s o  o c c u r s  r a p i d l y  w i th  s u r f a c e -  
a d s o rb e d  w a te r  t o  form NH3 and d e u t e r a t e d  w a te r .  T h is  i s  a  f a c t  
w ell-know n t o  i n v e s t i g a t o r s  i n  t h i s  f i e l d , 12 and t h e s e  i n v e s t i g a t o r s  
t h e r e f o r e  u s u a l l y  u se  b a k e a b le  sy stem s  so t h a t  ad so rb e d  w a te r  can  
be e l i m i n a t e d .
I n i t i a l  a t t e m p t s  i n  o u r  la b  t o  S ta rk -m o d u la te  th e  C02 l a s e r  
w i th  NH^D w ere ham pered by th e  a fo re m e n t io n e d  p r o c e s s ,  s in c e  o u r  
sy s tem  was n o t  b a k e a b le  and d id  c o n t a i n  H ^ .  Samples o f  gas m ix tu re  
w ere  w ithd raw n  from th e  sam ple c e l l  and t r a n s p o r t e d  t o  t h e  mass 
s p e c t r o m e te r  f o r  a n a l y s i s .  These  sam ples  gave no m e a su ra b le  i n d i c a ­
t i o n  o f  t h e  p r e s e n c e  o f  NH^D. When th e  99% p u re  NDS was i n j e c t e d  
d i r e c t l y  i n t o  th e  i n s t r u m e n t ,  th e  in s t r u m e n t  i n d i c a t e d  o n ly  10% ND3 . 
The sam ples  were a p p a r e n t l y  u n d e rg o in g  i s o t o p i c  exchange  w i t h i n  t h e  
mass s p e c t r o m e te r  owing t o  th e  f a c t  t h a t  i t s  i n l e t  sy s tem  a l s o  was 
n o t  b a k e a b le .  A f t e r  i n s p e c t i o n  o f  th e  i n l e t  sy s tem  o f  t h e  s p e c t r o ­
m e t e r ,  i t  was d e te rm in e d  t h a t  t h e  gas l i n e s  were b a d ly  c o n ta m in a te d  
and t h a t  f u r t h e r  a t t e m p t s  a t  such  an a n a l y s i s  would be  f r u i t l e s s .
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A s i m i l a r  c o n d i t i o n  may have  le d  Jo h n so n  and M e l v i l l e  t o  r e p o r t  
t h a t  t h e i r  p resu m ab ly  p u re  ND3 sam ple  c o n ta in e d  o n ly  69$  ND3 . I f  
t h i s  i s  t h e  c a s e ,  one would have  r e a s o n  t o  s u s p e c t  t h e i r  f i g u r e s  
f o r  t h e  p e r c e n ta g e  o f  NHsD i n  t h e i r  gas m i x tu r e .
S te p s  t a k e n  to  e l i m i n a t e  th e  exchange  p rob lem  w ere a s  f o l lo w s :
The t o t a l  a r e a  o f  th e  sam ple c e l l  was ab o u t  O .J  m2 , assum ing  smooth 
s u r f a c e s .  T h is  f i g u r e  m ust be i n c r e a s e d  by a  f a c t o r  o f  50 to  g e t  th e  
m ic ro s c o p ic  a r e a  i n  t h e  c a s e  o f  g l a s s - b e a d - b l a s t e d  s t a i n l e s s  s t e e l .
F o r  a  sy s tem  a t  a  p r e s s u r e  o f  c a . 0 . 1  mTorr ro u g h ly  40 m o n o lay ers  o f  H^O 
a r e  a d s o rb e d  o n to  t h e  s u r f a c e  b e f o r e  b a k in g .  A lso  f o r  s t a i n l e s s  s t e e l ,  
t h e  d e n s i t y  o f  w a te r  m o le c u le s  i n  one m ono layer  i s  1031  m o le c u le s  m” £ . 14 
Combining t h e s e  f i g u r e s  y i e l d s  a v a l u e  o f  c a . one ml o f  w a te r  
w i t h i n  t h e  sam ple  c e l l  a f t e r  e v a c u a t i o n .  A one ml a l i q u o t  o f  D^O 
was m e te re d  i n t o  t h e  sam ple c e l l  and a l lo w e d  to  e q u i l i b r a t e  un d er  
vacuum f o r  2k h o u r s .  T h is  y i e l d e d  a  50$  h y d ro g e n ,  50fo d e u te r iu m  
m i x tu r e  so  t h a t  i s o t o p e  exchange  would be  e q u a l ly  l i k e l y  be tw een  
h y d rogen  and d e u te r iu m .  The method was a p p a r e n t ly  s u c c e s s f u l  a s  no 
f u r t h e r  p rob lem s o f  i s o t o p e  d i l u t i o n  w ere e x p e r i e n c e d .  A f t e r  making 
t h i s  c h a n g e ,  th e  f i r s t  s u c c e s s f u l  S t a r k  m o d u la t io n  e x p e r im e n t  was 
p erfo rm ed  u s in g  a  s i n u s o i d a l  S t a r k  f i e l d  and ~  bOfy NH^D.
The d i e l e c t r i c  p r o p e r t i e s  o f  NH^D were assumed t o  be  s i m i l a r  
t o  t h o s e  o f  NH3 . At t h e  low o p e r a t i n g  p r e s s u r e  r e q u i r e d  in  t h i s  
e x p e r im e n t ,  th e  d i e l e c t r i c  c o n s t a n t  was ta k e n  t o  be t h a t  o f  a 
vacuum ( 1 ) .  The d i e l e c t r i c  s t r e n g t h  w i l l  be d i s c u s s e d  in  C h a p te r  I I I ,  
s e c t i o n  C-3 .
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C. EXPERIMENTAL APPARATUS
T h is  s e c t i o n  w i l l  p r e s e n t  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  v a r i o u s  
e x p e r im e n ta l  d e v ic e s  and a p p a r a tu s  u sed  i n  t h i s  s t u d y .  The o p t i c a l  
s y s te m ,  gas h a n d l in g  sy s tem  and t h e  e l e c t r o n i c s  w i l l  be  d i s c u s s e d  
in  g r e a t  d e t a i l .
1 . COp L a s e r
The l a s e r  em ployed i n  t h i s  work was a  S y lv a n i a  model 9^8 C02 l a s e r  
w hich  was w a r r a n te d  t o  p ro d u c e  a  minimum o f  6 w a t t s  o f  pow er. The i n ­
t e n s i t y  d i s t r i b u t i o n  i n  t h e  p la n e  p e r p e n d i c u l a r  t o  t h e  beam d i r e c t i o n  
had  a  G a u ss ia n  sh ap e  w i th  a  r a d i u s  (m easured  a t  th e  p o i n t  w here t h e  
i n t e n s i t y  was 1 / e  o f  i t s  p e a k )  o f  1 .7 8  mm a t  t h e  o u tp u t  o f  t h e  l a s e r .
The f u l l - b e a m  d iv e rg e n c e  ( t h e  apex  a n g le  o f  t h e  cone  formed by th e  1 /e  
r a y s )  was I .5 8  m i l l i r a d i a n s . S p e c i a l  f e a t u r e s  o f  t h i s  l a s e r  w ere  i t s  
v e ry  s t a b l e ,  e l e c t r o n i c a l l y  c o n t r o l l e d  power o u tp u t  and i t s  o p e r a t i o n  i n  
a  s i n g l e  t r a n s v e r s e  mode. T hese  f e a t u r e s  w ere  m a jo r  r e a s o n s  f o r  c h o o s in g  
t h i s  p a r t i c u l a r  l a s e r .  One o f  s e v e r a l  p o s s i b l e  C02  l a s e r  l i n e s  (w i th  
c o r r e s p o n d in g  d i f f e r e n t  o u tp u t  f r e q u e n c i e s )  was s e l e c t e d  by c h a n g in g  
th e  c a v i t y  l e n g th :  t h e  r e a r  l a s e r  c a v i t y  r e f l e c t o r  was mounted upon a
p i e z o e l e c t r i c  t r a n s d u c e r  f o r  t h a t  p u r p o s e .
Two m o d i f i c a t i o n s  o f  th e  C02 l a s e r  w ere  made to  im prove i t s  p e r ­
fo rm an c e .  The f i r s t  was t h e  i n s t a l l a t i o n  o f  a  c o n s t a n t  t e m p e r a tu r e  
c o n t r o l  u n i t  ( s t a b l e  t o  + 0 .0 1  K) w hich  c i r c u l a t e d  an e t h y l e n e  g ly -  
c o l - w a t e r  m ix tu r e  i n s i d e  t h e  c o o l i n g  j a c k e t  o f  t h e  l a s e r  p la sm a t u b e .
The m a jo r  p u rp o s e  o f  t h i s  m o d i f i c a t i o n  was t o  p r e v e n t  t h e  c a v i t y  
l e n g th  from c h a n g in g  b e c a u se  o f  th e rm a l  e x p a n s io n  due t o  s m a l l  tem­
p e r a t u r e  f l u c t u a t i o n s .  (Tap w a te r  was o r i g i n a l l y  u sed  as  t h e  c o o l ­
in g  f l u i d . )  A n o th e r  b e n e f i t  o f  t h i s  m o d i f i c a t i o n  was t h a t  i t  was 
p o s s i b l e  t o  low er  t h e  l a s e r  t e m p e r a tu r e  t o  273 K. by u s in g  a
r e f r i g e r a t i o n  u n i t  w i th  t h e  te m p e r a tu r e  c o n t r o l l e r .  B r id g e s  and 
P a t e l 15 hav e  shown t h a t  t h e  o u tp u t  and e f f i c i e n c y  o f  a  C02 l a s e r  
a r e  im proved by c o o l i n g  t h e  p la sm a  t u b e .  The i n s i d e  o f  t h e  l a s e r  
t u b e  h o u s in g  was c o n t in u o u s ly  f l u s h e d  w i th  d r i e d  a i r  i n  o r d e r  t o  
p r e v e n t  c o n d e n s a t io n  o f  w a te r  v a p o r  o n to  t h e  c o o l in g  j a c k e t .
The second  m o d i f i c a t i o n  o f  t h e  C02 l a s e r  was t h e  i n s t a l l a t i o n  
o f  an  e l e c t r o n i c  s e rv o  sy s te m  w hich s t a b i l i z e d  i t s  o u tp u t  f r e q u e n c y .  
The m a n u fa c tu r e r  c la im e d  a  lo n g  te rm  (h o u r s )  f r e q u e n c y  d e v i a t i o n  
o f  l e s s  th a n  2 MHz a f t e r  a  ■§■ h o u r  warm-up when an  a u x i l i a r y  h e a t  
e x c h a n g e r  was u sed  t o  o b t a i n  g r e a t e r  th e rm a l  s t a b i l i t y .  On some 
o c c a s io n s  t h e  l a s e r  d id  a c h i e v e  t h i s  f r e q u e n c y  s t a b i l i t y ;  ho w ev er ,  
i n  m ost c a s e s  t h e  f r e q u e n c y  d r i f t  was s u f f i c i e n t  t o  c a u s e  a jump 
fro m  one l a s e r  t r a n s i t i o n  t o  a n o t h e r  ( i . e . ,  from one C02 l i n e  t o  
a n o t h e r )  i n  l e s s  th a n  1 h o u r .  S in c e  t h e  e x p e r im e n ts  r e q u i r e d  a 
lo n g  te rm  s t a b i l i t y  o f  t h e  power and t h e  f r e q u e n c y  o f  th e  l a s e r ,  
t h i s  f r e q u e n c y  d r i f t i n g  c o u ld  n o t  be t o l e r a t e d .  The m o d i f i c a t i o n  
was an  e l e c t r o n i c  s e rv o  sy s tem  w hich  m o d u la ted  th e  c a v i t y  l e n g th  
o f  t h e  l a s e r  and u se d  t h e  e f f e c t s  o f  t h i s  m o d u la t io n  upon th e  
im pedance o f  t h e  l a s e r  p la sm a  tu b e  t o  p r o v id e  a  f r e q u e n c y  c o r r e c t i o n .  
A c c u ra te  tu n in g  and lo c k in g  o f  t h e  f r e q u e n c y  o v e r  t h e  D o p p le r  g a in  
p r o f i l e  f o r  eac h  a v a i l a b l e  l a s e r  t r a n s i t i o n  was made p o s s i b l e  by 
means o f  t h i s  sy s te m .  A c o m p le te  d e s c r i p t i o n  o f  t h i s  m o d i f i c a t i o n  
and t h e  method o f  o p e r a t i o n  a r e  p r e s e n te d  in  A ppendix  3 .
I d e n t i f i c a t i o n  o f  t h e  C02 l i n e  p ro d u c in g  th e  l a s e r  a c t i o n  
was ac c o m p lish e d  w i th  th e  a i d  o f  s i l i c o n  s to p c o c k  g r e a s e  u sed  a s  an
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i n f r a r e d  a b s o r b e r .  A lth o u g h  t h e  C02 l a s e r  c o u ld  be  tu n e d  t o  o u tp u t  
s e v e r a l  d i f f e r e n t  f r e q u e n c i e s ,  o n ly  t h e  P (2 0 )  l i n e  a t  10.59nm 
( 9 ^ 4 .2  cm- 1 ) was d e s i r e d  f o r  t h i s  s tu d y .  A McPherson (Model 218 ,
300  mm) s c a n n in g  m onoch rom ato r ,w h ich  was borrow ed  t e m p o r a r i l y  from 
P r o f e s s o r  James R o b in s o n 's  r e s e a r c h  g ro u p ,  was u sed  t o  o b s e rv e  
s i x  o u tp u t  f r e q u e n c i e s  ( l i n e s )  from  t h i s  l a s e r .  T h ree  o f  t h e s e  l i n e s  
w ere  i n  t h e  P b ra n c h  o f  t h e  9«6-|jm C02 t r a n s i t i o n  and t h r e e  w ere  i n  
t h e  P b ra n c h  o f  t h e  1 0 . 6 - mw t r a n s i t i o n .  U n f o r t u n a t e l y ,  t h e s e  l i n e s  
c o u ld  n o t  be  tu n e d  r e p r o d u c i b l y  by c a l i b r a t i n g  th e  l a s e r  f r e q u e n c y  
a d ju s tm e n t  r e p r e s e n t i n g  th e  l a s e r  c a v i t y  l e n g t h .  S i l i c o n  s to p c o c k
TABLE I I  
C0? LASER FREQUENCIES
W ave leng th  (mm) F req u en cy  (cm"1) T r a n s i t i o n
9 .4 8 8 4  1053 .9  P (12 )
9 .5 3 6 0  104 8 .7  P (1 8 )
9 .5 5 2 4  104 6 .9  P ( 2 0 )
I O . 5I 3 I  9 5 1 .2  P (1 2 )
I O . 57IO 9 ^ 6 .0  P (1 8 )
I O .59 IO 9 ^ . 2  P (2 0 )
g r e a s e  (Dow-Corning C o rp . )  e x h i b i t s  a  v e ry  s t r o n g  a b s o r p t i o n  from 
9  ixm to  10 p,m and h a s  a  minimum a b s o r p t i o n  a t  10.6 y,m. 16 The s i l i c o n  
s to p c o c k  g r e a s e  would be  e x p e c te d  t o  have  a  v e ry  sm a l l  t r a n s m i t t a n c e  
f o r  t h e  9 - 6-um l i n e s  and t o  e x h i b i t  i n c r e a s i n g  t r a n s m i t t a n c e  i n  go in g  
from  t h e  P (1 2 )  t o  P ( l 8 ) t o  P (2 0 )  o f  t h e  l0 .6-(im  l i n e s .  T h is  h y p o th e s i s  
was c o n f i rm e d  w i th  t h e  m onochrom ator f o r  a  s a n d - b l a s t e d  NaCl f l a t  
c o a t e d  w i th  t h e  s to p c o c k  g r e a s e .  To i d e n t i f y  t h e  1 0 .5 9 ,'Wm l a s e r
l i n e  w i th o u t  t h e  m onochrom ato r,  th e  c o a te d  f l a t  was p la c e d  imme­
d i a t e l y  i n  f r o n t  o f  a  C i n t r a  (Model 202) r a d io m e te r  and i r r a d i a t e d  
by t h e  l a s e r .  The t r a n s m i t t e d  power was d e t e c t e d  by th e  r a d io m e te r  
a s  t h e  l a s e r  was tu n e d  o v e r  th e  s i x  l a s e r  l i n e s .  The l a s e r  l i n e  
w hich p ro d u ced  t h e  maximum t r a n s m i t t a n c e  i n  t h e  c o a te d  s a l t  f l a t  
was t h e  10.59"*MP1 l i n e .  T h is  i d e n t i f i c a t i o n  p ro c e d u re  was p e r ­
form ed eac h  t im e  th e  C02 l a s e r  was b ro u g h t  i n t o  o p e r a t i o n .
2 .  Sample C e l l
The c e l l  was c o n s t r u c t e c  so t h a t  i t  c o u ld  h o ld  gas  sam p les  a t  
p r e s s u r e s  l e s s  th a n  10 m T o r i . I t  had t o  b e  l a r g e  enough to  
h o u se  t h e  c a p a c i t o r  p l a t e s  (and t h e i r  s u p p o r t s )  u sed  i n  t h e  p ro d u c ­
t i o n  o f  t h e  S t a r k  f i e l d .  I t  was a l s o  n e c e s s a r y  to  hav e  v ie w - p o r t s  
t h a t  a l lo w  th e  IR r a d i a t i o n  to  t r a v e r s e  t h e  c e l l .  I n  o r d e r  t o  
p r o v id e  maximum f l e x i b i l i t y  i n  t h e  c h o ic e  o f  g a s e s  b e in g  s t u d i e d ,  
i t  was d e s i r a b l e  t o  employ c o r r o s i o n - r e s i s t a n t  m a t e r i a l s .  F o r  
t h i s  r e a s o n ,  s t a i n l e s s  s t e e l s  o f  a l l o y  ty p e  and J0 4  were u sed  
th r o u g h o u t .
The d ia g ra m  o f  t h e  sam ple  c e l l  i s  shown i n  F ig .  3* The w a l l  
t h i c k n e s s e s  w ere  c h o sen  such  t h a t  t h e r e  would be  n e g l i g i b l e  d i s t o r ­
t i o n  when th e  c e l l  was e v a c u a te d .  A l l  j o i n t s  (w i th  t h e  e x c e p t io n  
o f  t h o s e  c o n n e c t in g  th e  window t u b e s )  w ere w elded by th e  t u n g s t e n -  
i n e r t -  gas p r o c e s s .  The window tu b e s  w ere s i l v e r - s o l d e r e d  b e c a u se  
o f  t h e  d i f f i c u l t y  e n c o u n te re d  i n  p r e s e r v i n g  p a r a l l e l i s m  o f  th e  
t e r m i n a l  f l a n g e s  w h i le  w e ld in g .  The c e l l  was eq u ip p ed  w i th  two 
l a r g e  f l a n g e s ,  one f o r  c o n n e c t io n  t o  t h e  d i f f u s i o n  pump and th e
F ig u r e  3 . D iagram o f  sam ple c e l l .
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o t h e r  f o r  t h e  50-ohm vacuum f e e d t h r u s .  The two p a r a l l e l  f l a n g e s  
on th e  window tu b e s  h e l d  th e  KCl windows, w hich were 6 .5  mm t h i c k  
and I+9 .5  mm in  d ia m e te r .  A l l  o f  t h e  f l a n g e s ,  i n c l u d i n g  th e  c o v e r ,  
w ere s e a le d  w i th  1 / 8 - in c h - d i a m e te r  n e o p ren e  o - r i n g s .  Two 1/1+ in c h  
N a t i o n a l  P ip e  T aper  (NPT) p o r t s  w ere  u sed  f o r  gas  i n j e c t i o n  and 
p r e s s u r e  m easurem ent r e s p e c t i v e l y .
5 . P r o d u c t io n  o f  E l e c t r i c  F i e l d
T here  were many t h i n g s  to  be c o n s id e r e d  i n  d e c i d in g  how to  
p ro d u c e  th e  e l e c t r i c  f i e l d  u sed  t o  S t a r k  s h i f t  th e  en e rg y  l e v e l s  
o f  th e  gas u n d e r  i n v e s t i g a t i o n .  The s t a n d a r d  method f o r  p ro d u c in g  
an  e l e c t r i c  f i e l d  E i s  to  a p p ly  a  v o l t a g e  V t o  two p a r a l l e l  con ­
d u c t in g  p l a t e s  s e p a r a t e d  by a d i s t a n c e  d (a  c a p a c i t o r ) .  The 
f i e l d  p roduced  w i l l  t h e n  have  a  v a lu e  o f  E = V /d .  F o r  a  c a p a c i t o r  
o f  f i n i t e  s i z e ,  th e  f i e l d  does n o t  drop  s h a r p ly  to  z e ro  a t  th e  edges  
o f  th e  p l a t e s .  In  p r a c t i c e ,  t h e  f i e l d  b e g in s  to  weaken n e a r  th e  
edges  o f  th e  c a p a c i t o r  p l a t e n  and th e n  a c t u a l l y  b u lg e s  o u t  beyond 
t h e i r  p h y s i c a l  b o u n d a r i e s ,  p ro d u c in g  s o - c a l l e d  edge e f f e c t s . 17 
I f  th e  f i e l d  i s  n o t  u n ifo rm  o v e r  t h e  p o r t i o n  o f  t h e  sam ple t h a t  
i s  b e in g  i r r a d i a t e d ,  a l l  o f  th e  m o le c u le s  w i l l  n o t  be b ro u g h t  i n t o  
e x a c t  r e s o n a n c e  w i th  th e  l o c a l  o s c i l l a t o r  ( l a s e r  beam) and th e  s i g ­
n a l  w i l l  be red u ce d  in  i n t e n s i t y .  I t  was d e c id e d  t o  make th e  
p l a t e s  w ide (60 mm) w i th  r e s p e c t  t o  th e  d ia m e te r  o f  th e  beam (1 mm 
t o  2 mm f o r  U p o i n t s )  so t h a t  th e  p l a t e s  would a p p e a r  t o  be 
s e m i - i n f i n i t e . The edge e f f e c t s  w here t h e  beam e n t e r s  and e x i t s  
o n ly  s e r v e  t o  d e c r e a s e  t h e  e f f e c t i v e  l e n g th  o f  th e  c a p a c i t o r .  T h is
e f f e c t  i s  n e g l i g i b l e  s i n c e  th e  p l a t e  l e n g t h  i s  100 mm,l a
The ed g es  o f  th e  p l a t e s  w ere rounded to  make th e  r a d i u s  o f  
t h e i r  c r o s s - s e c t i o n  e q u a l  t o  h a l f  th e  p l a t e  t h i c k n e s s .  T h is  ro u n d ­
in g  a l s o  d i s t o r t e d  th e  f i e l d  a t  t h e  edges  b u t  i t  was n e v e r t h e l e s s  
n e c e s s a r y  i n  o r d e r  t o  r e d u c e  t h e  l i k e l i h o o d  o f  d i e l e c t r i c  b r e a k ­
down i n  t h e  g a s .  The p rob lem  o f  breakdown a l s o  e n t e r e d  i n t o  t h e  
s e l e c t i o n  o f  p l a t e  s p a c in g .  A p l o t  o f  breakdow n v o l t a g e  v e r s u s  
th e  p ro d u c t  o f  p r e s s u r e  and p l a t e  s e p a r a t i o n  p ro d u c e s  a cu rv e  w ith  
a  minimum and i s  c a l l e d  a  P asch en  c u r v e .  Such c u rv e s  f o r  a i r  and H 
a r e  shown in  F i g .  ^.19 The minimum i s  a r e s u l t  o f  two com peting  
f a c t o r s  and o c c u r s  a t  a b o u t  th e  p r e s s u r e  f o r  w hich th e  mean f r e e  
p a th  i s  e q u a l  t o  t h e  e l e c t r o d e  s e p a r a t i o n .  To th e  l e f t  o f  th e  
minimum th e  v o l t a g e  n e c e s s a r y  f o r  breakdow n i n c r e a s e s  s in c e  th e  
e l e c t r o n s  can  g e t  a c r o s s  t h e  i n t e r e l e c t r o d e  sp a c e  w i th  l e s s  and l e s  
c h an c e  o f  p ro d u c in g  an i o n i z i n g  c o l l i s i o n  a s  t h e  p r e s s u r e  d e c r e a s e s  
The s lo w e r  i n c r e a s e  t o  th e  r i g h t  o f  th e  minimum r e s u l t s  from th e  
f a c t  t h a t  a s  t h e  p r e s s u r e  i n c r e a s e s ,  t h e  mean f r e e  p a th  d e c r e a s e s .  
T h is  means t h a t  th e  e l e c t r o n s  c a n n o t  r e g a i n  s u f f i c i e n t  en e rg y  
be tw een  c o l l i s i o n s ,  th u s  more v o l t a g e  i s  r e q u i r e d  t o  p ro d u ce  th e  
n e c e s s a r y  i o n i z a t i o n  t o  c a u s e  breakdow n. In  t h e  above d i s c u s s i o n  
i t  i s  assumed t h a t  th e  p l a t e  s p a c in g  i s  f i x e d  and th e  p r e s s u r e  i s  
v a r i e d  b u t  a  s i m i l a r  argum ent c a n  be g iv e n  i f  t h e  p r e s s u r e  i s  f i x e d  
and th e  p l a t e  s p a c in g  i s  v a r i e d  i n s t e a d .  When th e  p r e s s u r e  and 
e l e c t r i c  f i e l d  a r e  c o n s t a n t ,  an  i n c r e a s e  i n  p l a t e  s p a c in g  g iv e s  
e l e c t r o n s  a  g r e a t e r  d i s t a n c e  o v e r  w hich th e y  can  be  a c c e l e r a t e d







b e f o r e  c o l l i d i n g  w i th  gas m o le c u le s .  They th u s  a c h ie v e  g r e a t e r  
k i n e t i c  e n e r g i e s  be tw een  c o l l i s i o n s  and a r e  more l i k e l y  t o  p roduce  
i o n i z a t i o n s . 20
Because o f  t h e  e x i s t a n c e  o f  r e l a x a t i o n  p r o c e s s e s  com pe ting  
w i th  th e  o b s e r v a t i o n  o f  c o h e r e n t  t r a n s i e n t s ,  t h e  gas  p r e s s u r e  must 
be  i n  a  ra n g e  from  1 to  10 m T o rr .  Thus one must o p e r a t e  to  th e  
l e f t  o f  t h e  minimum on th e  P a sch en  c u rv e  and t h e  p l a t e  s p a c in g  i s  th en  
d e c r e a s e d  u n t i l  t h e  p r o p e r  f i e l d  i s  a t t a i n a b l e  w i th o u t  breakdow n.
A dc b i a s  o f  ~  3 .6 6  kVcirf1 i s  n e c e s s a r y  t o  c a u s e  NH^D to  a b s o rb  
r a d i a t i o n  from th e  P (2 0 )  l i n e  o f  t h e  C02 l a s e r .  W ith t h i s  f i e l d ,  a 
f i n a l  p l a t e  s p a c in g  o f  2 .9 1 9  ±  0 .0 0 2  mm was found to  be maximum.
The o r i g i n a l  d e s ig n  employed two 6 cm by 10 cm g l a s s  o p t i c a l  
f l a t s  w hich had  a  g u a r a n te e d  f l a t n e s s  o f  1/1) w a v e le n g th  f o r  Sodium-D 
l i g h t  ( —600 nm). These  p l a t e s  w ere c o a te d  w i th  aluminum by vacuum 
d e p o s i t i o n  t o  p r o v id e  c o n d u c t iv e  s u r f a c e s .  C o n ta c t  t o  th e  c o a t i n g  
was th e n  made v i a  aluminum s t r i p s .  T h is  method p roved  u n s a t i s f a c t o r y  
b e c a u se  t h e  h ig h  f i e l d  n e a r  t h e  ends  o f  t h e  aluminum c o n n e c to r s  cau sed  
breakdown w i t h i n  t h e  sam ple c e l l .  I t  was th e n  d e c id e d  t o  employ m e ta l  
p l a t e s .  B ecause o f  i t s  c h e m ic a l  s t a b i l i t y  and m a c h i n a b i l i t y  m a g n e t ic  
s t a i n l e s s  s t e e l  ( a l l o y  1+10) was s e l e c t e d .  The ed g es  o f  t h e  9 .5  mm 
t h i c k  p l a t e s  w ere b e v e le d  as  n o te d  e a r l i e r  and  th e  p l a t e s  were ground 
t o  a  f l a t n e s s  o f  + 0 .0 0 3  mm u s in g  a  p r e c i s i o n  s u r f a c e  g r i n d e r  equ ipped  
w i th  a  m a g n e t ic  c h u c k .  The f r o n t  s u r f a c e  o f  eac h  p l a t e  was th e n  la p p ed  
on a  p r e c i s i o n  l a p  p l a t e  and f i n a l l y  D o l is h e d  on a 2 . 5k cm t h i c k  g l a s s  
f l a t  w hich was f l a t  t o  1 \  f o r  Na-D l i g h t .  The f r o n t  s u r f a c e s  were
f i n i s h e d  w ith  j e w e l e r s  ro u g e  ( ~ 1 5 0 0  g r i t )  b u t  w ere l e f t  w i th  a  
n o n - g lo s s  f i n i s h  t o  m in im ize  r e f l e c t i o n s  i n  c a s e  o f  l a s e r  m i s a l i g n ­
m en t.  An i n t e r f e r e n c e  t e c h n iq u e  was u se d  t o  t e s t  t h e  f i n a l  f l a t n e s s  
o f  t h e  p l a t e s  and i t  was found t h a t  th e y  d e v i a t e d  by l e s s  th a n  1 X 
f o r  Na-D l i g h t .  E l e c t r i c a l  c o n n e c t io n s  w ere  made from th e  back  
s i d e s  o f  t h e  c a p a c i t o r  p l a t e s  by means o f  ta p p e d  b l i n d  h o le s  and 
screw -down t e r m i n a l s .
A p y re x  g l a s s  o p t i c a l  f l a t  was s l i c e d  i n t o  f o u r  s e c t i o n s  to  
p r o v id e  s p a c e r s  w hich c o u ld  be u sed  t o  keep  th e  p l a t e s  p a r a l l e l .  They 
w ere  p la c e d  i n  t h e  f a r  c o r n e r s  o f  t h e  r e c t a n g u l a r  c a p a c i t o r  so  t h a t  
t h e r e  would be no i n t e r f e r e n c e  w i th  t h e  l a s e r  beam. The s p a c e r s  
w ere  assumed to  b e  a s  u n ifo rm  as  t h e  o r i g i n a l  f l a t  ( I M A . ) .
T h e i r  t h i c k n e s s  was m easured  by u s in g  DoAll gauge b lo c k s  as  a 
s t a n d a r d  and a  p r e c i s i o n  F e d e r a l  2ym d i a l  i n d i c a t o r  (w i th  s t a n d )  
a s  a  c o m p a r i to r .  The r e l i a b i l i t y  o f  th e  m easurem ent was l i m i t e d  by 
th e  c o m p a r i to r  t o  + 2\m .
The e n t i r e  c a p a c i t o r  a ssem b ly  was h e l d  r i g i d l y  and i n  a l i g n ­
ment w i th  th e  l a s e r  by a  P l e x i g l a s  f ram e . T h is  mount p ro v id e d  
e l e c t r i c a l  i n s u l a t i o n  and a  m e c h a n ic a l  s t r e s s  w hich was n e c e s s a r y  
t o  h o ld  t h e  s p a c e r s  i n  p o s i t i o n .
The dc b i a s  was p roduced  by a r e g u l a t e d  d i g i t a l  power su p p ly  
( K ie th l e y  model 2^2) w i th  u l t r a - h i g h  p r e c i s i o n  d i v i d e r s .  F o r  th e  
f i n a l  e x p e r im e n t  t h e  o u tp u t  u sed  was r e g i s t e r e d  a s  1 ,0390  + 0 .0 0 0 3  
kV. T h is  v a l u e  a g re e d  w i th  t h a t  m easured  by  th e  F lu k e  d i g i t a l  v o l t ­
m e te r  (1 .039^  + 0 .0 0 0 1  k v ) w i t h i n  e r r o r  l i m i t s .  The n e g a t i v e  o u tp u t
o f  t h e  su p p ly  was c o n n e c te d  to  t h e  common ground and th e  p o s i t i v e  
t o  one o f  t h e  c a p a c i t o r  p l a t e  by means o f  RG58-U s h i e l d e d  c a b l e ,  
MHV c o n n e c t o r s ,  and a  vacuum f e e d t h r u .  When th e  o t h e r  p l a t e  i s  
a t  g round  p o t e n t i a l ,  t h e  e l e c t r i c  f i e l d  i s  g iv e n  a s
The s w i tc h in g  o f  t h e  en e rg y  l e v e l s  o f  t h e  gas  m o le c u le s  was 
im plem ented  by th e  ac  m o d u la i io n  w hich was i n  th e  form o f  r e c t a n ­
g u l a r  p u l s e s  s u b t r a c t e d  from th e  dc v o l t a g e .  T h is  i s  i l l u s t r a t e d  
i n  F ig .  5. The v o l t a g e  sc. l e  f o r  th e  m o d u la t io n  has  been  expanded 
w i th  r e s p e c t  t o  t h e  b i a s  f o r  c l a r i t y .  F ig u r e  6 shows how modula­
t i o n  o f  t h e  e l e c t r i c  f i e l d  was a c h ie v e d ,  by c o n n e c t in g  th e  c a p a c i t o r  
p l a t e  o p p o s i t e  t h e  one w hich was f e d  by t h e  dc s u p p ly ,  t o  th e  
o u tp u t  o f  a  p u l s e  g e n e r a t o r .  T h is  g e n e r a to r ,  m a n u fa c tu re d  by H ew le tt  
P a c k a rd  (H P ) , (model 212k) was i n t e r n a l l y  m o d if ie d  so  t h a t  th e  
h y d ro g en  t h y r a t h r o n s  c o u ld  be t r i g g e r e d  d i r e c t l y  by an e x t e r n a l  
s o u r c e .  By d o in g  t h i s ,  t h e  v a r i a b l e  d e l a y  t r i g g e r  c i r c u i t ,  w hich 
had been  a  s o u rc e  o f  p u l s e  j i t t e r ,  was b y p a s s e d .  " J i t t e r "  In  any 
e l e c t r o n i c  e v e n t  i s  t h e  n o n - r e p r o d u c i b i l i t y  o f  t h e  s t a r t i n g  t im e .  i t  
w i l l  c a u s e  a  p u l s e  t o  a p p e a r  sm eared h o r i z o n t a l l y  i f  t h e  p u l s e  i s  
v iew ed w ith  an  o s c i l l o s c o p e  o p e r a t e d  w i th  a  f r e e  ru n n in g  r e c u r r e n t  
sw eep. T h is  c o n d i t i o n  makes t i m e - a v e r a g in g  im p o s s ib l e .  A no ther  
c r i t i c a l  s p e c i f i c a t i o n  o f  a p u l s e  g e n e r a t o r  i s  i t s  r i s e  t im e .  R is e  




1 .0390  + 0 .0 0 0 3  kv = 3-559 ±  .003  kV cm" 1
0 .2 9 1 9  + 0 .0 0 0 2  cm
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F ig u r e  5 . V o l ta g e s  a p p l i e d  t o  c a p a c i t o r :
(a )  dc b i a s
(b )  ac  m o d u la t io n
(c )  d i f f e r e n c e  ( a ) - ( b )
The s c a l e  o f  (b )  h a s  b een  expanded w i th  r e s p e c t  to  t h a t  o f  
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t o  c l im b  from 10°jo t o  901° o f  i t s  maximum v a l u e 21 and th u s  g iv e  a 
m easure  o f  th e  s t e e p n e s s  o f  th e  p u l s e  e d g e s .
The p u l s e  u se d  f o r  S t a r k  s w i tc h in g  sh o u ld  r i s e  and f a l l  a b r u p t l y ;  
i . e . ,  i t  s h o u ld  have  a r i s e  t im e  s h o r t  compared t o  t h e  p u l s e  w id th .
I f  t h e  r i s e  t im e  i s  to o  g r e a t ,  t h e  m o le c u le s  w i l l  be s w i tc h e d  i n  and 
o u t  o f  r e s o n a n c e  s lo w ly  r a t h e r  th a n  a b r u p t l y .  The c o m p l ic a t io n s  which 
r e s u l t  from a l a r g e  r i s e  t im e  a r e  a c t u a l l y  more s u b t l e  th a n  i n d i c a t e d  
ab o v e .  As was n o te d  i n  th e  d i s c u s s i o n  o f  t h e  S ta r k  s w i tc h in g  method 
(C h a p te r  I I ,  s e c t i o n  D ) , t h e  m o d u la t io n  o n ly  "moves" th e  a b s o r p t i o n  
from one s i d e  o f  th e  D o p p le r -b ro a d e n e d  t r a n s i t i o n  t o  t h e  o t h e r  and , 
i n  d o in g  so, b r i n g s  one o f  two v e l o c i t y  g roups  i n t o  r e s o n a n c e  w i th  th e  
l a s e r  r a d i a t i o n .  W ith  th e  dc b i a s  h e l d  c o n s t a n t ,  f o r  eac h  v a l u e  o f  
t h e  m o d u la t io n  v o l t a g e  from z e r o  to  t h e  p l a t e a u  o f  t h e  p u l s e ,  t h e r e  
w i l l  be  a  new v e l o c i t y  group  which a b s o rb s  and one w hich no lo n g e r  
a b s o r b s .  The fo rm er  w i l l  g iv e  a  n u t a t i o n  s i g n a l  w h i le  t h e  l a t t e r  g iv e s  
an  FID s i g n a l .  I f  t h e  r i s e  t im e  o f  th e  p u l s e  i s  on t h e  o r d e r  o f  th e  
t i m e - s c a l e  f o r  t h e s e  e v e n t s ,  t h e  r e s u l t a n t  s i g n a l  w i l l  be t i m e -  
a v e ra g e d  a t  t h e  d e t e c t o r  (d e p e n d in g  upon t h e  t i m e - c o n s t a n t  o f  t h i s  
d e v i c e )  so t h a t  t h e  w ave-form  a t  i t s  o u tp u t  w i l l  be sm eared .  T here  
w i l l  a l s o  b e  s e v e r a l  d i f f e r e n t  i n t e r f e r e n c e  b e a t s  o c c u r r i n g  be tw een  th e  
l a s e r  and S t a r k - s h i f t e d  g roups  ( c f .  C h a p te r  I I ,  s e c t i o n  F ) .  T h is  
i s  a g a i n  an  u n d e s i r a b l e  c o n d i t i o n .  In  t h e  e x p e r im e n ta l  c o n f i g u r a t i o n  
u sed  f o r  t h e s e  d e t e r m i n a t i o n s ,  t h e  HP 2 1 2 a  e x h i b i t e d  a  25 ns r i s e  
t im e  w ith  ^00 ps  j i t t e r  f o r  peak  p u l s e  a m p l i tu d e s  o f  0-100  v o l t s .
T hese  v a l u e s  o f  r i s e  t im e  and j i t t e r  w ere s m a l l  when compared t o  th e
p u l s e  w id th  ( d u r a t i o n ) , n u t a t i o n  p e r i o d ,  and th e  p e r io d  o f  t h e  b e a t  
t h a t  was e x p e c te d .
The o n s e t  o f  each  " e x p e r im e n t" ,  i . e . ,  each  s i n g l e  S ta r k  p u l s e  
fo l lo w e d  by d a t a  r e t r i e v a l ,  was i n i t i a t e d  by a  m a s te r  t im in g  d e v i c e .  
T h is  d e v ic e  c o n s i s t e d  o f  a  d u a l  p u l s e  u n i t  (HP 219B) d r iv e n  by a 
d i g i t a l  d e l a y  g e n e r a t o r  (HP 2 1 8 a ) .  With t h i s  sy s tem  i t  was p o s s i b l e  
t o  o b t a i n  two p u l s e s  A and B, b o th  w i th  r i s e  t im e s  o f  60 n s , and 
c o n t r o l l a b l e  a m p l i tu d e s  and w i d t h s .  The t im in g  and r e p e t i t i o n  r a t e  
o f  t h e  tw o - p u l s e  seq u en ce  was d e te rm in e d  by th e  s e t t i n g  o f  th e  HP 218A 
d e la y  g e n e r a t o r .  P u l s e  A, w hich had  an  a m p l i tu d e  o f  kO V peak  and 
a  w id th  o f  2 |j,s was u sed  t o  t r i g g e r  t h e  HP 212A p u l s e r .  The HP 212A 
had to  b e  t r i g g e r e d  2 . 4 n s  i n  advance  o f  th e  d e s i r e d  p u l s e  s in c e  some 
t im e  i s  r e q u i r e d  f o r  t h e  c i r c u i t r y  ( t h a t  p ro d u c e s  th e  p u l s e s )  to  
o p e r a t e .  Thus 2 .k  us a f t e r  th e  i n i t i a t i o n  o f  p u l s e  A ,p u l s e  B was 
i n i t i a t e d .  I t  had an a m p l i tu d e  o f  9 V p eak  and w id th  o f  T h is
t r i g g e r e d  th e  Dumont 766 HF o s c i l l o s c o p e ,  t h a t  was used  to  view 
th e  s i g n a l  r e c e iv e d  by t h e  IR d e t e c t o r ,  and th e  T e k t r o n ix  519 o s c i l ­
lo s c o p e ,  t h a t  was u sed  t o  m o n i to r  t h e  S t a r k  p u l s e  s h a p e .  The PAR 
160 b o x c a r  i n t e g r a t o r ,  u s e d  f o r  s i g n a l  a v e r a g in g ,  was a l s o  t r i g g e r e d  
by t h i s  p u l s e .  The r e p e t i t i o n  r a t e  s e t  on t h e  HP 218a d i g i t a l  d e la y  
g e n e r a t o r  was 2 .6 ^ 1  + 0 .0 0 1  kHz. T h u s ,  th e  e n t i r e  s eq u en ce  (w hich 
i s  t h e  same as  s a y in g  t h e  e n t i r e  e x p e r im e n t )  was r e p e a t e d  2 o b l ±  1 
t im e s  p e r  se c o n d .  N a t u r a l l y  a  h ig h  r e p e t i t i o n  r a t e  i s  b e n e f i c i a l  
i n  t i m e - a v e r a g in g  so t h a t  t h e  l a r g e s t  s i g n a l - t o - n o i s e  r a t i o  can 
be  o b ta in e d  i n  th e  s h o r t e s t  t im e  p e r i o d .  The e n t i r e  t r i g g e r
c i r c u i t  i s  shown i n  F ig  . 7 .
Thus f a r ,  t h e  v a r i o u s  p u l s e  g e n e r a t o r s  and th e  t r i g g e r  system  
have  b een  d i s c u s s e d ,  b u t  no m e n tio n  h a s  been  made o f  t h e  i n t e r c o n ­
n e c t i n g  c i r c u i t r y .  I t  c a n  be  shown t h a t  an  e l e c t r i c a l  p u l s e  can  
be c o n s t r u c t e d  by a d d in g  s u c c e s s i v e l y  h i g h e r - o r d e r  h a rm o n ic s  t o  a 
fu n d am e n ta l  s i n e  w ave. P u l s e s  w i th  s h o r t  r i s e - t i m e s  r e q u i r e  more 
h ig h - f r e q u e n c y  com ponen ts .  B ecause  o f  t h e s e  h ig h - f r e q u e n c y  compo­
n e n t s ,  g r e a t  c a r e  m ust be e x e r c i s e d  i n  t h e  t r a n s m i s s i o n  o f  a p u l s e  
from a  s o u rc e  t o  i t s  d e s t i n a t i o n .  I f  t h e  im pedance o f  th e  p u l s e  
g e n e r a t o r ,  t r a n s m i s s i o n  l i n e ,  and lo a d  a r e  n o t  m a tc h e d ,  t h e r e  can  be 
d i s t o r t i o n  and a t t e n u a t i o n  o f  t h e  s i g n a l .
Impedance i s  th e  t o t a l  o p p o s i t i o n  o f f e r e d  by a  c i r c u i t  to  
t h e  f lo w  o f  a l t e r n a t i n g  c u r r e n t ,  and i s  e q u a l  t o  t h e  r a t i o  o f  th e  
r . m . s .  v a l u e  o f  t h e  a p p l i e d  v o l t a g e  t o  t h e  r . m . s .  v a l u e  o f  th e  
c u r r e n t .  I t  i s  a  com plex p r o p e r t y  h a v in g  t h r e e  com ponents:
( a )  t h e  r e s i s t a n c e  o f  t h e  c i r c u i t ,  (b) a r e a c t i v e  component due 
t o  th e  c a p a c i t a n c e  o f  t h e  c i r c u i t ,  ( c )  a  r e a c t i v e  component due t o  
t h e  in d u c ta n c e  o f  t h e  c i r c u i t .  The l a t t e r  two com ponen ts ,  (b )  and
( c ) ,  a r e  f r e q u e n c y - d e p e n d e n t . 22 I t  c an  be s e e n  t h a t  i f  a l l  f r e q u e n c y  
com ponents o f  t h e  p u l s e  a r e  t o  be h a n d le d  e q u a l l y ,  th e  d e v ic e s  
c o n n e c te d  to  t h e  p u l s e  g e n e r a t o r  o u tp u t  s h o u ld  e x h i b i t  o n ly  th e  
r e s i s t i v e  component o f  im pedance ( a ) ,  s i n c e  (b )  and (c )  a r e  f r e q u e n c y  
d e p e n d e n t .  I t  i s  e x a c t l y  t h i s  p r o p e r t y  o f  a t r a n s m is s i o n  l i n e  
w hich makes i t  u s e f u l .  I t  h a s  a c h a r a c t e r i s t i c  im pedance which
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F ig u r e  7 . T r i g g e r  c i r c u i t .  A l l  c o n n e c t io n s  a r e  made w i th
s h i e l d e d  c a b l e  (KG58U) and a r e  p r o p e r l y  t e r m i n a t e d .
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depends on th e  d i e l e c t r i c  and t h e  geom etry  o f  t h e  l i n e .  T h is  
im pedance s h o u ld  be made to  m atch  t h e  o u tp u t  im pedance o f  th e  
p u l s e  g e n e r a t o r .  The ty p e  o f  t e r m i n a t i o n  a t  th e  end o f  th e  t r a n s ­
m is s io n  l i n e s  g r e a t l y  i n f l u e n c e s  t h e  s i g n a l  c h a r a c t e r i s t i c s .  I f  
t h e  im pedance o f  t h e  t e r m i n a t i o n ,  i . e . ,  t h e  im pedance o f  th e  d e v ic e  
b e in g  d r i v e n ,  m a tch es  t h a t  o f  t h e  l i n e ,  t h e  s i g n a l  w i l l  be  t r a n s ­
f e r r e d  u n a l t e r e d ,  and maximum power i s  t r a n s m i t t e d .  T here  a r e  
two ex tre m e  c a s e s  o f  c o n c e r n .  The im pedance o f  t h e  t e r m i n a t i o n  
may be v e ry  low so  t h a t  t h e  l i n e  i s  e s s e n t i a l l y  s h o r t - c i r c u i t e d .
I n  t h i s  c a s e  r e f l e c t i o n s  w i l l  o c c u r  w i th  p o s s i b l e  e s t a b l i s h m e n t  o f  
s t a n d i n g  waves i n  t h e  t r a n s m i s s i o n . l i n e .  The im pedance o f  t h e  
t e r m i n a t i o n  may b e  v e ry  h ig h  so  t h a t  t h e  l i n e  i s  o p e n - c i r c u i t e d .
Now t h e r e  can  be no c u r r e n t  a t  t h e  end o f  t h e  l i n e  b u t  a  l a r g e  
v o l t a g e  c a n  e x i s t .  R e f l e c t i o n  w i l l  a g a i n  r e s u l t  b u t  th e  p h ase  
w i l l  be d i f f e r e n t . 23 T hese  s i t u a t i o n s  a r e  a n a lo g o u s  t o  t h e  c o n d i ­
t i o n s  o b se rv e d  when a  beam o f  l i g h t  p a s s e s  from one medium to  
t h e  n e x t ,  w here r e f l e c t i o n  o c c u r s  i f  t h e r e  i s  a change in  r e f r a c ­
t i v e  in d e x .
The S t a r k - p u l s e  c i r c u i t  i s  shown i n  F i g .  8 . The HP 2L2A 
p u l s e  g e n e r a t o r ,  w hich  h a s  an  o u tp u t  im pedance o f  50 ohms, was 
c o n n e c te d  by means o f  RG58U, 50~°hm c o a x i a l  c a b l e  to  a  50-ohm BNC 
T ee . The u se  o f  a Tee i n  a  h ig h - f r e q u e n c y  t r a n s m i s s i o n  l i n e  i s  
u n d e s i r a b l e  b u t  som etim es u n a v o id a b le .  One s i d e  o f  t h e  Tee was 
c o n n e c te d  t o  t h e  h ig h  vacuum 50-ohm f e e d t h r u 27 on th e  sam ple c e l l .  
The o t h e r  s i d e  o f  th e  Tee went t o  a  m in im um -loss  m a tch in g  pad
F ig u r e  8 .  S t a r k - p u l s e  c i r c u i t .
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d e s ig n e d  t o  m atch a  50-ohm l i n e  to  a  125-ohm l i n e .  I t  c o n t a i n s  
a  ne tw o rk  composed o f  a  sh u n t  and a s e r i e s  r e s i s t o r  and i n  go in g  
from  50-ohm t o  125-ohm, th e  s i g n a l - v o l t a g e  t r a n s m i s s i o n  f a c t o r  i s  
a p p ro x im a te ly  O . 56I-.26  S in c e  t h e  a d a p t e r  p r e s e n t s  a  c o r r e c t  
im pedance m atch  " i n  e i t h e r  d i r e c t i o n " ,  i t  r e c e i v e s  s i g n a l s  i n t o  
e i t h e r  end w i th o u t  p ro d u c in g  r e f l e c t i o n s .  The 125-ohm c a b l e  was 
c o n n e c te d  t o  t h e  T e k t r o n i x - 5^9 o s c i l l o s c o p e  w hich was u sed  t o  
m o n i to r  t h e  c h a r a c t e r i s t i c s  o f  t h e  S t a r k  p u l s e .  The c a p a c i t o r  p l a t e s  
o f  th e  S t a r k  c e l l  added  a  c a p a c i t i v e  r e a c t a n c e  te rm  t o  th e  impedance 
e x p r e s s i o n .  Q u a n t i t a t i v e l y ,  i f  t h e  r e s i s t a n c e  in  ohms i s  R, th e  
in d u c ta n c e  i n  h e n ry s  i s  L, and th e  c a p a c i t a n c e  i n  f a r a d s  i s  C, 
t h e  im pedance i n  ohms i s
Z - [R2 + (2TT fL - 2 ^ c ) #  ,
f o r  a  g iv e n  f r e q u e n c y  f .  I f  t h e r e  i s  no r e s i s t i v e  le a k a g e  betw een 
th e  c a p a c i t o r  p l a t e s  and no in d u c ta n c e  in  t h e  c i r c u i t r y ,  th e n
z .   L _
L 2TffC
F o r  a  p a r a l l e l  p l a t e  c a p a c i t o r  o f  a r e a  A and p l a t e  s e p a r a t i o n  d ,  th e  
c a p a c i t a n c e  i s  g iv e n  a s
c = - K S o A .
d •
w here ®o i s  t h e  p e r m i t t i v i t y  o f  f r e e  sp a c e  and K i s  th e  d i e l e c t r i c  
c o n s t a n t .  At th e  low o p e r a t i n g  p r e s s u r e s  needed  in  t h i s  e x p e r im e n t ,  
i t  may be s a f e l y  s a i d  t h a t  f o r  most g a s e s  K>1. The p l a t e  s i z e  i s  
0 . 0 6  m by 0 .1 0  m and th e  minimum s e p a r a t i o n  i s  0 .0 0 1 2  m. These
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v a l u e s  im ply  a maximum t h e o r e t i c a l  c a p a c i t a n c e  o f
C = b b .2  p f .
The r i s e  t im e  o f  t h e  p u l s e  was 25 n s .  T h is  v a l u e  may be  r e l a t e d  to  
a b a n d w id th ,  s p e c i f i c a l l y  t h e  u p p e r  3-db-dow n f r e q u e n c y .  T h is  i s  
t h e  f r e q u e n c y  above w hich  t h e  s i g n a l  i s  a t t e n u a t e d  by 3 dB; i . e .  , 
t h e  v o l t a g e  f a l l s  to  'JO'fo o f  i t s  maximum v a l u e .  In  t h i s  c a s e  th e  
bandw id th  i s  a p p ro x im a te ly
b -  -W t -  u  m hz •
U sing  t h i s  f r e q u e n c y ,  th e  im pedance Z i s  found to  be 257  ohms. I t  
i s  s e e n  t h a t  t h e  minimum im pedance o f  t h e  p l a t e s  i s  g r e a t e r  th a n  
t h e  d r i v i n g  im pedance (50  ohms) by a t  l e a s t  a  f a c t o r  o f  5 . The 
p l a t e s  p r e s e n t  e s s e n t i a l l y  an  open c i r c u i t  and maximum v o l t a g e  i s  
o b t a i n e d .  Though one m ig h t  e x p e c t  some r e f l e c t i o n s ,  th e  l e n g th  o f  
t h e  l e a d s  i n  t h e  m is -m atch ed  c i r c u i t  can  b e  k e p t  t o  a  minimum ( l e s s  
th a n  0 .1  m) so t h a t  t h e  r e f l e c t i o n s  w i l l  n o t  be n o t i c e a b l e .  The 
above a rgum ents  would be  c o r r e c t  i f  i n  f a c t  t h e r e  were no in d u c ta n c e ,  
U n f o r t u n a t e l y ,  t h e r e  was i n d u c ta n c e .
The in d u c ta n c e  o f  a  100 mm le n g th  o f  u n s h ie ld e d  le a d  c a r r y i n g  
th e  s i g n a l  from th e  vacuum f e e d t h r u  to  t h e  d r iv e n  c a p a c i t o r  p l a t e  
was s u f f i c i e n t  t o  d i s t o r t  t h e  p u l s e .  T h is  d i s t o r t i o n  became e v i d e n t  
when an a t te m p t  was made t o  S ta rk -m o d u la te  t h e  l a s e r  w i th  a s q u a re  
wave h a v in g  a  2 0 -n s  r i s e  t im e .  F ig u r e  9 shows t h e s e  r e s u l t s .  The 
lo w er  t r a c e  (on  a s c a l e  o f  2V /d iv .)  i s  t h e  m o d u la t io n  a p p l i e d  to  
t h e  p l a t e s  and th e  u p p e r  t r a c e  (on  a  s c a l e  o f  10 tn V /d iv .)  i s  th e
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F ig u r e  9» Upper t r a c e :  s i g n a l  from  HgCdTe, PV d e t e c t o r  showing
p u l s e  d i s t o r t i o n .  (10 m V /d iv .) .
Tower t r a c e :  m o d u la t io n  a p p l i e d  t o  c a p a c i t o r  p l a t e s
( 2 V / d i v . ) .
Time b a s e  ( f o r  u p p e r  and low er t r a c e s ) :  $00 n s / d i v .

s i g n a l  r e c e iv e d  by th e  HgCdTe p h o t o v o l t a i c  IR d e t e c t o r .  The tim e  
b a se  was 500 n s / d i v .  I f  t h e  sy s tem  had o p e r a t e d  w i th o u t  a f l a w ,  
th e  dc com ponents o f  th e  s i g n a l  ( t h e  tops and t h e  b o ttom s o f  p u l s e s )  
would be h o r i z o n t a l  and f l a t .  I n s t e a d ,  each  p u l s e  had a  " g l i t c h . "  
These  g l i t c h e s  ca n n o t  be  e x p l a in e d  a s  a  f la w  i n  t h e  sam ple c o n d i t i o n s  
( i . e . ,  an  o p t i c a l  s a t u r a t i o n  o r  h e a t i n g  e f f e c t )  s i n c e  t h e  p r e s s u r e  
was to o  h ig h  (6  T o r r )  and th e  p u l s e  to o  n a r ro w  ( 5OO n s ) . 26 To f in d  
th e  f l a w ,  a  s m a l l  s e a r c h  c o i l  c o n s t r u c t e d  from  two lo o p s  o f  w ire  was 
u sed  t o  m a g n e t i c a l l y  c o u p le  i n t o  t h e  r e s o n a n t  c i r c u i t  d r i v i n g  t h e  
c a p a c i t o r  p l a t e s .  I t  was found  t h a t  t h e  s i g n a l  p ic k e d  up by th e  
s e a r c h  c o i l  i n  t h e  n e ig h b o rh o o d  o f  t h e  l e a d s  t o  t h e  p l a t e s  was 
synch ronous  w i th  t h e  e x t r a n e o u s  m o d u la t io n  o f  t h e  d e t e c t e d  s i g n a l  
( t h e  g l i t c h ) .  T h is  c o n d i t i o n  was c o r r e c t e d  by re p la c e m e n t  o f  th e  
u n s h ie ld e d  le a d  w i th  a  s h o r t  p i e c e  o f  T e f l o n - i n s u l a t e d  50-ohm t r a n s ­
m i s s io n  l i n e  t o  c a r r y  t h e  p u l s e  w i t h i n  t h e  gas  c e l l .  The s h i e l d  
was grounded  o n ly  a t  one end (w here  t h e  t r a n s m i s s i o n  l i n e  was f e d )  i n  
o r d e r  t o  e l i m i n a t e  th e  p o s s i b i l i t y  o f  a g round lo o p .  Ground lo o p s  
w i l l  be d i s c u s s e d  i n  t h e  s i g n a l - p r o c e s s i n g  s e c t i o n  o f  t h i s  C h a p te r  (C- 
The p la c e m e n t  o f  a u x i l i a r y  equ ipm en t such  a s  th e  HP 212A p u l s e  
g e n e r a t o r  was found to  b e  q u i t e  c r i t i c a l .  D ev ice s  such  as  p u l s e  
g e n e r a t o r s ,  w hich g e n e r a t e  t r a n s i e n t s ,  p ro d u ce  l a r g e  e l e c t r o m a g n e t i c  
f i e l d s  w hich can  c o u p le  i n t o  s e n s i t i v e  s i g n a l - p r o c e s s i n g  eq u ip m en t.  
R o t a t i o n  o f  th e  p u l s e  g e n e r a t o r  by a s  l i t t l e  a s  5 d e g re e s  g r e a t l y  
a f f e c t e d  th e  m ag n itu d e  o f  such s p u r io u s  s i g n a l s .
S in c e  th e  T e k t r o n ix  5^9 o s c i l l o s c o p e  was u sed  to  m easure  p u l s e  
a m p l i tu d e  and w id th ,  i t  was n e c e s s a r y  to  c a l i b r a t e  i t s  t im e  b a s e  and 
v e r t i c a l  s e n s i t i v i t y .  A waveform from a T e k t r o n ix  180A Time-Mark 
g e n e r a t o r ,  w i th  ljja p u l s e  s e p a r a t i o n ,  a s  d i s p l a y e d  on th e  3I 9 ( a d j u s t e d  
f o r a  1 l& s/d iv . t im e  b a s e )  i s  shown i n  F i g .  10. I t  sh o u ld  be  
n o te d  t h a t  th e  t im e  b a s e  was 10$ i n  e r r o r  so t h a t  th e  c a l i b r a t i o n  
i s  a c t u a l l y  900 n s / d i v .
The v e r t i c a l  s e n s i t i v i t y  o f  t h e  5I 9 can  be  checked  by u s in g  th e  
b u i l t - i n  c a l i b r a t i o n - s t e p  g e n e r a t o r .  T h is  d e v i c e  w i l l  d e l i v e r  ( i n t o  
a  125-ohm le a d )  a c a l i b r a t e d  0 t o  10 V p e a k - to - p e a k  xjaveform. By 
s u p e r im p o s in g  th e  c a l i b r a t i o n - s t e p  p u l s e  on th e  S t a r k - p u l s e ,  th e  
c a l i b r a t o r  was u sed  a s  a c o m p a r i to r ,  t o  d e te rm in e  th e  m ag n itu d e  o f  th e  
S t a r k  p u l s e .  I t  was n o t  p o s s i b l e  t o  v iew  b o th  t h e  c a l i b r a t i o n  and 
S ta r k  p u l s e  s im u l t a n e o u s l y ;  ho w ev er ,  th e y  c o u ld  be view ed in d e p e n d e n t ly  
and superim posed  on a p h o to g ra p h ic  p r i n t  by t a k in g  m u l t i p l e  e x p o s u re s  
o f  t h e  two t r a c e s .  Such o s c i l l o g r a m s  w ere o b ta in e d  f o r  t h e  two 
most commonly u sed  S t a r k - p u l s e  a m p l i t u d e s .  F ig u r e  11 r e p r e s e n t s  t h e  
c a s e  i n  w hich th e  HP 212A p u l s e r  i s  s e t  w i th  an  a t t e n u a t i o n  o f  30 dB 
and an a m p l i tu d e  o f  to  ( l i n e a r  s c a l e ,  0 - 1 0 0 ) .  The t r a c e s  c o i n c id e  
when th e  s t e p  g e n e r a t o r  i s  s e t  t o  1 .3 7  + 0 . 0 1 V. S in c e  t h e  T5O /T I25 
a d a p t e r  was u se d  i n  t h e  S ta r k  p u l s e  m easu rem en t ,  t h e  t r a n s m is s i o n  
f a c t o r  o f  O.564  must be i n c o r p o r a t e d .  T h u s ,  th e  a c t u a l  p u l s e  a m p li tu d e  
a t  th e  p l a t e s  was 2 .4 3  + 0 .0 2  V. S i m i l a r l y ,  th e  t r a c e s  c o i n c id e  
i n  F i g .12 when th e  s t e p  g e n e r a t o r  i s  s e t  a t  2 . JO  + 0 .0 1  V. In  t h i s  
c a s e  th e  HP 212A p u l s e  g e n e r a t o r  was a d j u s t e d  f o r  an a t t e n u a t i o n
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F ig u r e  10. T im e-b ase  c a l i b r a t i o n  f o r  T e k t r o n ix  5 I 9 o s c i l l o s c o p e .
( t i m e  b a s e  s e t  t o  l ^ s / d i v ,  p u l s e  s e p a r a t i o n  » 1 y .s ) .
A. »■•>*•*/■’'■*
Figure 11 . D e te rm in a t io n  o f  
T e k t r o n ix  5 I 9 as
S t a r k - p u l s e  a m p l i tu d e  u s in g  
a c o m p a r i to r  ( low  l e v e l  p u l s e ) .
»*«■ * • *
H i
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F ig u r e  12. D e te r m in a t io n  o f  S t a r k - p u l s e  a m p l i tu d e  u s in g  T e k t r o n ix  
519 a s  a  c o m p a r i to r  (h ig h  l e v e l  p u l s e ) .
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o f  30 dB an a m p l i tu d e  o f  80 . T h is  c o r re s p o n d e d  t o  a  S t a r k  p u l s e
a m p l i tu d e  o f  4 .7 9  + 0 . 0 2  v a t  t h e  p l a t e s .  T h e r e f o r e ,  t h e  e l e c t r i c  
f i e l d ,  f o r  a p l a t e  s p a c in g  o f  0 .2 9 1 9  + 0 .0 0 0 2  cm, in  t h e  two a f o r e ­
m e n tio n ed  c a s e s  was 8 .3  + 0 . 1  V cm" 1 and 16.1+ + 0 .1  V cm” 1 r e s p e c t i v e l y .
4 .  Vacuum System
The vacuum sy s tem  o r  gas  h a n d l in g  sys tem  p ro v id e d  a  means by 
w hich t h e  g a s e s  t h a t  w ere t o  be s t u d i e d  c o u ld  be mixed i n  known p r o ­
p o r t  i o n s , adm it t e d  t o  a  r e s i d u a l - g a s - f r e e  sam ple c e l l ,  and m a in ta in e d  
a t  a  known p r e s s u r e  once a d m i t t e d .  The sys tem  th u s  c o n s i s t e d  o f  an  
o i l  d i f f u s i o n  pump, a sam ple  c e l l ,  a  g a s -m ix in g  m a n i f o ld ,  and th e  
n e c e s s a r y  v a l v e s  and p r e s s u r e  g a u g e s .  A d iag ram  o f  t h e  e n t i r e  
vacuum sy s tem  i s  shown i n  F ig .  13- A l l  com ponents w ere  c o n s t r u c t e d  
from c o r r o s i o n  r e s i s t a n t  m a t e r i a l s .  C o n n e c t io n s  o f  s m a l l  tu b i n g  w ere 
made by means o f  Swagelock f i t t i n g s  e x c e p t  i n  th e  c a s e  o f  t h e  sam ple 
c e l l , w h i c h  was f i t t e d  w i th  1 / V  NPT p o r t s .  The o n e - in c h  d ia m e te r  
d i f fu s io n -p u m p  c o n n e c t io n s  were o f  th e  o - r i n g  f l a n g e  t y p e .  The t h r e e -  
i n c h ,  t h r e e - s t a g e  o i l - d i f f u s i o n  pump was c o n s t r u c t e d  in  ou r  l a b o r a t o r y  
u s in g  p a r t s  s a lv a g e d  from  a  m a s s - s p e c t r o m e te r  o f  unknown m a n u fa c tu re .
A w a te r - c o o l e d  b a f f l e  and an a c t i v a t e d - c h a r c o a l  t r a p  were employed 
t o  m in im ize  b a c k s t r e a m in g .  An u l t i m a t e  p r e s s u r e  o f  10” 5 T o r r  was 
e a s i l y  a t t a i n a b l e  w i th  Dow C orn ing  J0h s i l i c o n e  d i f f u s i o n  pump f l u i d ,  
o p e r a t i n g  w i th  a p o t  t e m p e r a tu r e  o f  1*93K. The d i f fu s io n -p u m p  was 
e x h a u s te d  by two tw o - s ta g e  m e c h a n ic a l  pumps (Welch s e r i e s  11*00 Duo- 
S e a l )  w ork ing  i n  tandem . These pumps were a l s o  used  t o  e v a c u a te  t h e
F ig u r e  13. Diagram o f  vacuum sy s tem .
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e n t i r e  sy s tem  p r i o r  t o  o p e r a t i o n  o f  t h e  d i f f u s i o n  pump ( r o u g h in g ) .
The d i f f u s i o n  pump i n l e t  and ro u g h in g  p o r t s  w ere c o n t r o l l e d  by two 
1 - in c h - ID  b a l l  v a l v e s .  They w ere made o f  304 s t a i n l e s s  s t e e l  and 
had  t e f l o n  s e a t s  and s e a l s .  The m ix in g  m a n ifo ld  was c o n s t r u c t e d  o f  
316  s t a i n l e s s  s t e e l  t u b i n g ,  1 /4  in c h  in  d i a m e te r .  W hitey ^0h 
s t a i n l e s s  s t e e l  v a lv e s  were u sed  t o  c o n t r o l  t h e  gas f low  be tw een  t h e  
gas c y l i n d e r s ,  m a n ifo ld ,  b a l l a s t  t a n k ,  and t h e  p r e s s u r e  g a u g e s .
The p a r t i a l  p r e s s u r e s  o f  th e  com ponents i n  a  gas  m ix tu r e  c o u ld  
be m o n i to re d  by means o f  a Bourdon gauge o r  a  t r a p p e d  m ercu ry  mano­
m e te r .  The mixed gas was i n t r o d u c e d  i n t o  th e  sam ple c e l l  by means 
o f  a  r e m o t e l y - c o n t r o l l e d  s o l e n o i d  v a lv e  and a  m i c r o - m e te r in g  v a l v e .  
Each t im e  th e  s o le n o id  v a lv e  was m o m en ta r i ly  o p en ed ,  a  p r e c i s e  amount 
o f  gas  was i n t r o d u c e d  i n t o  t h e  p a s s a g e  be tw een  th e  s o l e n o i d  v a l v e  and 
th e  m ic r o - m e te r in g  v a l v e .  T h is  " c h a rg e "  o f  gas  was th e n  a l lo w ed  
t o  l e a k  i n t o  th e  vacuum cham ber; th e  r a t e  o f  t h e  l e a k  was d e te rm in e d  
by th e  o p e n in g  o f  th e  m e te r in g  v a l v e .  The p r e s s u r e  w i t h i n  t h e  
sam ple  c e l l  was m o n i to re d  by means o f  one o f  two io n  gauges  and a 
t r a p p e d  McLeod gauge . The McLeod gauge was u sed  o n ly  f o r  c a l i b r a t i o n  
s i n c e  c a .  600 s eco n d s  w ere r e q u i r e d  f o r  t h e  gauge t o  r e a c h  an e q u i l i ­
b r ium  p r e s s u r e  each  tim e t h e r e  was a p r e s s u r e  ch an g e .  The two m ercury  
gauge t r a p s  w ere c o o le d  by c h i l l e d  w a te r  t o  273K so  t h a t  t h e  p a r t i a l  
p r e s s u r e  o f  m ercu ry  in  t h e  sy s tem  c o u ld  be k e p t  below  1 m T o r r .
The nom ina l o p e r a t i n g  p r e s s u r e  in  t h e  FID e x p e r im e n t  was ab o u t  
7 m T o rr .  The h i g h e s t  p r e s s u r e  t h a t  can  be m easured  by s t a n d a r d  io n  
gauges  i s  0 . 5  m Torr. Thus ,m easurem en t o f  p r e s s u r e s  i n  an FID
ex p e r im e n t  u s u a l l y  r e q u i r e s  e x t re m e ly  e x p e n s iv e  c a p a c i t i v e  
s t r a i n  gauges o r  s p e c i a l  m o d i f ie d  io n  g a u g e s .  F o r  economic r e a s o n s  
i t  was n e c e s s a r y  t o  c o n s t r u c t  a  s p e c i a l  h ig h  p r e s s u r e  io n  gauge .
5 . Vacuum Gauge
An i o n i z a t i o n  gauge c a p a b le  o f  h ig h  p r e s s u r e  o p e r a t i o n  must 
have  s e v e r a l  s p e c i a l  c h a r a c t e r i s t i c s .  The s e n s i t i v i t y  o f  t h e  gauge 
m ust be low compared t o  a  gauge d e s ig n e d  t o  o p e r a t e  a t  low p r e s s u r e s  
so  t h a t  se c o n d a ry  e l e c t r o n s  p roduced  by th e  i o n i z i n g  c o l l i s i o n s  make 
a  n e g l i g i b l e  c o n t r i b u t i o n  to  th e  m easured  e l e c t r o n  c u r r e n t .  The 
i o n - c o l l e c t i n g  e l e c t r o d e  must be  d e s ig n e d  so t h a t  t h e  e f f i c i e n c y  o f  
i o n  c o l l e c t i o n  does  n o t  change w i th  p r e s s u r e .  I n  p r a c t i c e ,  t h i s  
means t h a t  th e  s u r f a c e  o f  t h e  io n  c o l l e c t o r  must be  l a r g e  compared 
t o  t h a t  o f  t h e  f i l a m e n t  so  t h a t  a l l  io n s  w i l l  be  c o l l e c t e d  by t h e  io n  
c o l l e c t o r .  F i n a l l y ,  t h e  p h y s i c a l  d im e n s io n s  m ust be  s m a l l  so  t h a t  
t h e r e  i s  no chance  o f  d i e l e c t r i c  breakdow n. A gauge w i th  t h e s e  
c h a r a c t e r i s t i c s  was f i r s t  d ev e lo p ed  by S ch u lz  and P h e l p s , 27 and i s  
now b e in g  m a rk e ted  by W es tin g h o u se .  The gauge u sed  i n  t h i s  s tu d y  was 
a  WL T903* h as  a p r e s s u r e  ra n g e  o f  0 . 6  T o r r  t o  10“ 4 T o r r ,  w i th  a 
s e n s i t i v i t y  o v e r  t h i s  ra n g e  o f
The e l e c t r o n i c s  n e c e s s a r y  t o  o p e r a t e  t h i s  gauge w ere d e s ig n e d  and 
c o n s t r u c t e d  by th e  a u t h o r  and w i l l  be d i s c u s s e d  in  A ppendix 4 , S e c t io n  A. 
T h is  gauge was u se d  to  m o n i to r  t h e  p r e s s u r e  o f  a gas m ix tu re  c o n t a i n ­
in g  e q u a l  amounts o f  NH3 and ND3 . A c a l i b r a t i o n  c u rv e  f o r  t h i s  m ix tu r e
0 . 4  T o r r ” 1 f o r  N
i s  shown i n  F ig .  l b . 23 The t r a p p e d  McLeod gauge was u sed  as  a
c a l i b r a t i o n  s t a n d a r d .
6 . P r e s s u r e  C o n t r o l l e r
I t  was n o t  p o s s i b l e  t o  bake  t h e  vacuum s y s te m ;  t h e r e f o r e ,  
d e s o r p t i o n  o f  g a s e s  from th e  in n e r  s u r f a c e s  c o n t i n u a l l y  r e p l e n i s h e d  
th o s e  removed by th e  pumps, and a " h a rd "  vacuum was n o t  a t t a i n a b l e .  
T h e re  was a lw ays  a s m a l l  amount o f  o u tg a s i n g  from  th e  w a l l s  o f  
t h e  sy s tem . In  o r d e r  t o  m a in t a i n  a c o n s t a n t  p r e s s u r e  o f  s e v e r a l  
mTorr i t  was d e c id e d  to  employ a  c o n t in u o u s  f lo w  sy s te m . The sam ple 
gas  was i n t r o d u c e d  a t  one s i d e  o f  t h e  c e l l  w h i le  t h e  d i f f u s i o n  pump 
a t  t h e  o p p o s i t e  s i d e  removed t h e  g a s .  By t h i s  m ethod , a  s t e a d y  
s t a t e  c o n d i t i o n  was a t t a i n e d  and th e  c e l l  a lw ays  c o n ta in e d  a  su p p ly  
o f  " f r e s h "  g a s .  A p r e s s u r e  c o n t r o l l e r  was d e v is e d  w hich m e te re d  
t h e  amount o f  gas  e n t e r i n g  t h e  c e l l .  I t  r e c e iv e d  a  p r e s s u r e - r e l a t e d  
s i g n a l  from th e  io n -g a u g e  c o n t r o l  u n i t  and by means o f  a  s e r v o - 
fe e d b a c k  lo o p ,  c o n t r o l l e d  th e  s o l e n o i d  v a l v e .  The d e s i r e d  p r e s s u r e  
c o u ld  b e  s e t  on t h e  p r e s s u r e  c o n t r o l l e r  and th e  s o le n o i d  v a lv e  a t  th e  
sam ple  i n l e t  would rem a in  open u n t i l  t h i s  p r e s s u r e  was r e a c h e d .  A f t e r  
t h e  s o l e n o i d  c l o s e d ,  t h e  p r e s s u r e  would d r o p ,  c a u s in g  th e  v a lv e  t o  
open a g a i n .  The gas  f low  was c o n t r o l l e d  by a d j u s t i n g  th e  pump r a t e  
o f  t h e  d i f f u s i o n  pump (by means o f  th e  b a l l  v a lv e ) .  O vershoo t was 
c o n t r o l l e d  by t h e  o p en in g  o f  t h e  m ic r o - m e te r in g  v a l v e .  The e l e c t r o n i c  
c i r c u i t r y  o f  t h e  c o n t r o l l e r  i s  d i s c u s s e d  i n  A ppendix  h , s e c t i o n  B.
F ig u r e  l k .  C a l i b r a t i o n  c u rv e  o f  WL 79^3 i ° n  gauge f o r  a  m i x tu r e  
c o n t a i n i n g  e q u a l  amount o f  ND3 and NH3 .
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7 .  O p t i c a l  System
M ir r o r  and s a l t  o p t i c s  were u s e d  t o  d i r e c t  t h e  l a s e r  r a d i a t i o n  
a f t e r  i t  l e f t  th e  l a s e r  c a v i t y .  The c o m p le te  sy s tem  i s  i l l u s t r a t e d  
i n  F i g .  15. In  o r d e r  t o  s a v e  sp a c e  on th e  l a b o r a t o r y  t a b l e ,  
two m i r r o r s  w ere  u se d  t o  f o l d  t h e  l a s e r  beam i n t o  a new p a th  
a n t i p a r a l l e l  t o  t h e  o r i g i n a l  d i r e c t i o n .  The m i r r o r s  w ere  made i n  o u r  
l a b o r a t o r y  by  v a c u u m -d e p o s i t io n  o f  aluminum o n to  j 6  mm by 57 mm 
m ic ro s c o p e  s l i d e s .  The m i r r o r  m o u n ts ,  w hich w ere  o f  o u r  own d e s ig n  
and c o n s t r u c t i o n ,  a l lo w e d  f o r  c o m p le te  a d ju s tm e n t  o f  th e  m i r r o r s .
T h u s ,  t h e  beam c o u ld  be  moved t o  p a s s  th ro u g h  th e  sam ple c e l l  p r o p e r l y  
w i th o u t  moving t h e  l a s e r  o r  t h e  c e l l .  A l l  o f  t h e  o p t i c s  w hich w ere 
r e q u i r e d  t o  be  t r a n s p a r e n t  t o  t h e  l a s e r  r a d i a t i o n  w ere  made from 
e i t h e r  NaCl o r  KCl ( s a l t  o p t i c s ) .  S in c e  t h e s e  m a t e r i a l s  a r e  h ig h l y  
h y g r o s c o p ic ,  h e a t e r s  w ere  i n s t a l l e d  u n d e r  each  s a l t  com ponent. A 
NaCl wedge was u se d  a s  a  b e a m - s p l i t t e r .  I t  d i v e r t e d  a p o r t i o n  o f  
t h e  beam t o  th e  s i l i c o n e - c o a t e d  s a l t  window which was p la c e d  in  f r o n t  
o f  t h e  C i n t r a  r a d io m e te r .  As was i n d i c a t e d  e a r l i e r ,  t h i s  p ro c e d u re  
a l lo w e d  one t o  d e te rm in e  i f  t h e  l a s e r  was f i r i n g  on t h e  P (2 0 )  l i n e .
A wedge was u se d  r a t h e r  th a n  a f l a t  t o  m in im ize  i n t e r f e r e n c e  phenomena. 
The beam p a s s e d  th ro u g h  an a d j u s t a b l e  a p e r t u r e  b o th  b e f o r e  e n t e r i n g  
t h e  sam ple  c e l l  and a g a i n  a f t e r  l e a v i n g  t h e  c e l l  b e f o r e  r e a c h in g  th e  
d e t e c t o r .
The o p t i c a l  a l ig n m e n t  o f  an  i n f r a r e d  l a s e r  beam i s  d i f f i c u l t  f o r  
two r e a s o n s .  F i r s t ,  t h e  C02 l a s e r  r a d i a t i o n  i s  n o t  d i r e c t l y  v i s i b l e
F ig u r e  I 5 . E x p e r im e n ta l  c o n f i g u r a t i o n  employed i n  o b s e r v a t i o n  
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t o  t h e  e y e ,  t h u s ,  t h e  l a s e r  beam c o u ld  be  o b se rv e d  o n ly  when i t  
b u rn ed  o r  m e l te d  s o m e th in g .  S econd , th e  i n t e n s e  power o f  t h e  l a s e r  
i s  d an g e ro u s  when i t s  d e s t i n a t i o n  i s  unknown. F o r  t h e s e  r e a s o n s ,  
a  low power h e l iu m -n e o n  l a s e r  was i n s t a l l e d  so  t h a t  i t s  v i s i b l e  beam 
was c o l i n e a r  w i th  t h e  C02 l a s e r  o u t p u t .  T h u s ,  t h e  i n i t i a l  a l ig n m e n t  
o f  a l l  o f  t h e  o p t i c a l  com ponents  was made by means o f  t h e  v i s i b l e  
He-Ne l a s e r .  F in e  a d ju s tm e n t s  i n  a l ig n m e n t  w ere th e n  made w ith  
t h e  C02  l a s e r  i n  o p e r a t i o n  by u s in g  h e a t - s e n s i t i v e  r e c o r d e r  p a p e r  
t o  l o c a t e  t h e  beam.
The a l ig n m e n t  o f  t h e  beam w i t h i n  t h e  sam ple c e l l  was v e ry  c r i t i c a l  
s i n c e  t h e  beam had  t o  p a s s  b e tw een  t h e  c l o s e l y  sp a c e d  c a p a c i t o r  p l a t e s  
and rem a in  e x a c t l y  p a r a l l e l  t o  them . The p l a t e s  w ere  p la c e d  a t  a 
s l i g h t  a n g l e  w i t h i n  t h e  c e l l  so t h a t  th e  l a s e r  beam would be cau sed  
t o  s t r i k e  t h e  c e l l  windows a t  an  a n g l e  o t h e r  th a n  9O0 and th u s  re d u c e  
i n t e r f e r e n c e  t a k i n g  p l a c e  w i t h i n  t h e  c e l l .  T h is  a l s o  i n c r e a s e d  th e  
s t a b i l i t y  o f  t h e  l a s e r  by p r e v e n t i n g  t h e  beam from f o l d i n g  back  on 
i t s e l f .  The beam , b e f o r e  e n t e r i n g  th e  sam ple  c e l l  had a  G a u s s ia n  
i n t e n s i t y  p r o f i l e  w i th  an  a v e ra g e  i r r a d i a n c e  o f  2 .8  +  0 . 2  W cm“ 2 
( a s  m easu red  w i th  a  C o h e ren t  R a d i a t i o n  r a d i o m e t e r ,  Model 2 0 1 ) .  S in c e  
t h e  p l a t e s  w ere c l o s e  t o g e t h e r ,  t h e  c e l l  c a u s e d  beam d i s t o r t i o n ,  th e  
m ain  r e s u l t  o f  w h ich  was t h e  f o r m a t io n  o f  d i f f r a c t i o n  f r i n g e s .  I t  
was found  t h a t  th e  i r r a d i a n c e  a t  th e  c e n t r a l  maximum was 100 + 10 mW cm" 
when th e  e x i t  a p e r t u r e  was c l o s e d  t o  k mm.
The HgCdTe p h o t o v o l t a i c  d e t e c t o r  u se d  i n  t h e  FID e x p e r im e n ts  h as  
a  s e n s i t i v e  a r e a  o f  o n ly  10"4 cm2 . T h is  made o p t i c a l  a l ig n m e n t  o f
t h e  d e t e c t o r  v e ry  c r i t i c a l  so  t h a t  any v i b r a t i o n s  c a u s e d  e x t r a n e o u s  
s i g n a l  m o d u la t io n s  t h a t  a p p e a re d  a s  n o i s e  i n  t h e  o u t p u t .  S e v e r a l  
s t e p s  w ere t a k e n  t o  im prove v i b r a t i o n  i s o l a t i o n .  The t a b l e  w hich 
s u p p o r te d  a l l  o f  t h e  o p t i c a l  com ponents was su sp e n d ed  on s i x  
p n eu m atic  dam pers ,  each  c o n s i s t i n g  o f  a  s m a l l  i n n e r  tu b e  and a 
s e a l e d  p n eu m a tic  d a s h p o t  w i th  a  f i x e d  a i r  v e n t .  The p u rp o s e  o f  th e  
d a s h p o t  was t o  damp o s c i l l a t i o n s .  In  a d d i t i o n ,  l e a d  w e ig h t s  were 
p la c e d  on e a c h  o p t i c a l  bench  to  im prove i t s  v i b r a t i o n a l  s t a b i l i t y .
A l l  c o n n e c t io n s  be tw een  s u p p o r t  sy s tem s  and t h e  t a b l e  w ere  f l e x i b l e .  
F i n a l l y ,  t h e  r u b b e r  h o se  g o in g  from  th e  fo repum ps t o  th e  d i f f u s i o n  
pump mounted on t h e  sam ple  c e l l  was p a s s e d  th ro u g h  a  l a r g e  le a d  
b lo c k  w hich r e s t e d  on t h e  f l o o r .  T h is  p r e v e n te d  t h e  t r a n s m i s s i o n  
o f  pump v i b r a t i o n s  th ro u g h  th e  h o se  t o  t h e  t a b l e .
8 . I n f r a r e d  D e te c to r
The FID and o p t i c a l  n u t a t i o n  e x p e r im e n ts  r e q u i r e d  an i n f r a r e d  
d e t e c t o r  t h a t  would w i t h s t a n d  a  l a r g e  b ackg round  r a d i a t i o n  ( t h e  
l a s e r - l o c a l  o s c i l l a t o r )  w i th o u t  s a t u r a t i n g ,  and s t i l l  r e s p o n d  t o  a 
s m a l l  s i g n a l  ( t h e  h e t e r o d y n e  b e a t )  w i th  a  s h o r t  r i s e  t im e  (n a n o s e c o n d s ) .  
O th e r  i n v e s t i g a t o r s  have  u sed  a  g o ld -d o p e d  germanium p h o to c o n d u c t in g -  
c ry o g e n ic  d e t e c t o r  (c £ .  C h a p te r  i ) .  T h is  ty p e  o f  d e t e c t o r  r e l i e s  on 
an  i n c r e a s e  i n  e l e c t r i c a l  c o n d u c t i v i t y  o f  a  s e m ic o n d u c to r  due t o  
th e  i n c r e a s e  i n  t h e  number o f  f r e e  c a r r i e r s  p ro d u ced  by i n c i d e n t  r a ­
d i a t i o n . 29 T here  a r e  two b a s i c  d i s a d v a n t a g e s  i n h e r e n t  i n  u s in g  t h i s  
d e v ic e  i n  o u r  e x p e r im e n t .  F i r s t ,  t h i s  d e t e c t o r  i s  d e s ig n e d  f o r  a 
w a v e le n g th  o f  6 |jm and b e c a u s e  o f  t h i s  i t s  d e t e c t i v i t y ,  D*, d e c r e a s e s
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by s e v e r a l  o r d e r s  o f  m a g n itu d e  a t  10.6  ^  t o  a v a l u e  o f  o n ly  
107 cm Hz^ W 1 .^ 0 (The d e t e c t i v i t y  v a l u e  w hich i s  m ost u s e f u l  
i n  d e s c r i b i n g  d e t e c t o r  s e n s i t i v i t y ,  and w hich w i l l  b e  r e f e r r e d  t o  
i n  t h i s  t e x t , i s  g iv e n  a s
T j*  = J amL*
NEP
I t  i s  n o rm a l iz e d  t o  an  a m p l i f i e r  ban d w id th  o f  1 Hz and a  d e t e c t o r  
a r e a  o f  1 cm2 . The n o i s e  e q u i v a l e n t  power (NEP) i s  t h e  power w hich 
g iv e s  a s i g n a l - t o - n o i s e  r a t i o  o f  one and i s  t h e r e f o r e  a m easu re  o f  
t h e  minimum d e t e c t a b l e  power3 1 ) .  The second  d i s a d v a n ta g e  h a s  t o  
do w i th  t h e  e l e c t r o n i c  c i r c u i t r y  w hich  m ust be  employed to  r e t r i e v e  
a  s i g n a l .  S in c e  t h e  d e v i c e  i s  a p h o to c o n d u c to r  (P C ),  i t  r e q u i r e s  a 
lo a d  r e s i s t o r ,  j u s t  a s  i n  t h e  c a s e  o f  a  p h o to d io d e .  The h ig h  speed  
g o ld  doped germanium d e t e c t o r  c r y s t a l s  e x h i b i t  a  h ig h  im pedance (on 
t h e  o r d e r  o f  9 Mohms) when c o l d .  F o r  maximum s i g n a l ,  t h e  lo a d  
r e s i s t o r  s h o u ld  a l s o  be 5 Mohms. T h is  means t h a t  t h e  i n p u t  im pedance 
o f  th e  p r e a m p l i f i e r ,  t y p i c a l l y  an e m i t t e r  f o l l o w e r ,  m ust be  h ig h .  
S ta n d a rd  t r a n s i s t o r s  hav e  j u n c t i o n  c a p a c i t a n c e s  w hich l i m i t  t h e i r  
i n p u t  im pedance t o  l e s s  th a n  1 Mohm a t  f r e q u e n c i e s  above 3 -5  MHz. 
(T h is  c o r r e s p o n d s  to  a 100 ns r i s e  t i m e . )  T h u s ,  such  a  t r a n s i s t o r  
a m p l i f i e r  would d e c r e a s e  th e  e f f e c t i v e  lo a d  r e s i s t a n c e  and would le ad  
to  s i g n a l  a t t e n u a t i o n .  A l s o ,  s i n c e  t h e r e  a r e  no h ig h - im p e d a n c e  
t r a n s m i s s i o n  l i n e s ,  t h e  a m p l i f i e r  must be  made an  i n t e g r a l  p a r t  o f  
t h e  d e t e c t o r .  Assuming one c o u ld  cope w i th  t h e  above l i m i t a t i o n s ,  
t h e r e  i s  s t i l l  t h e  p rob lem  o f  Jo h n so n  n o i s e  from  t h e  lo ad  r e s i s t o r .
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T h is  i s  t h e  l i m i t i n g  n o i s e  i n  a l l  c o n d u c to r s  and i s  c au sed  by 
th e rm a l  f l u c t u a t i o n  w i t h i n  t h e  r e s i s t i v e  e le m e n t .  I t  i s  n e a r l y  
f r e q u e n c y - i n v a r i a n t  and i s  g iv e n  by th e  e x p r e s s io n
Vj = (b  k  T R Af)'g
w here R i s  t h e  r e s i s t a n c e  o f  t h e  c o n d u c to r  i n  ohms, k  i s  th e  
Boltzm ann c o n s t a n t  ( I .3 8  x 10-2 3  J  K"1) ,  T th e  t e m p e r a tu r e  in  
k e l v i n ,  and Af th e  a m p l i f i e r  b an d w id th  i n  h e r t z . 32  A more r e a l i s t i c  
v a l u e  o f  t h e  lo a d  r e s i s t a n c e  m ig h t be  $0 kohms. I f  t h e  a m p l i f i e r  
ban d w id th  i s  35 and te m p e r a tu r e  i s  $00 K, th e n  Vj = 170 pV
rms n o i s e .  T h is  becomes t h e  i n p u t  n o i s e  t o  t h e  p r e a m p l i f i e r  and 
t h e  i n p u t  s i g n a l  s h o u ld  be be tw een  10 and 20 p v .  T hus ,  i t  would 
be  im p o s s ib le  t o  v iew  t h e  s i g n a l  d i r e c t l y  on an  o s c i l l o s c o p e  and 
t i m e - a v e r a g in g  would be n e c e s s a r y .  The r e s u l t s  o f  t e s t s  ru n  on 
such  a  d e t e c t o r  a g r e e  w i t h . t h e s e  f i n d i n g s .  The e x p e r im e n t  h a s  been  
done s u c c e s s f u l l y  w i th  t h i s  ty p e  o f  d e t e c t o r  (PC) ; 33 how ever ,  th e  
e le m e n t  u se d  was s p e c i a l l y  c o n s t r u c t e d  t o  g iv e  a  low er o u tp u t  im pedance . 
The a m p l i f i e r  em ployed i n  c o n j u n c t io n  w i th  t h e  d e t e c t o r  was o f  s p e c i a l  
d e s ig n  and had s p e c i f i c a t i o n s  b e t t e r  t h a n  a n y th in g  c o m m e rc ia l ly  
a v a i l a b l e  o r  c o n s t r u c t a b l e  a t  LSU. 34
T hese  c o n s i d e r a t i o n s ,  a lo n g  w i th  t h e  f a i l u r e s  o f  t h e  p y r o e l e c t r i c  
and t h e  PC, HgCdTe d e t e c t o r s  b e c a u s e  o f  low s e n s i t i v i t y  a t  h ig h  f r e ­
q u e n c ie s  ( s e e  A ppendix  1 ) ,  l e d  t o  t h e  d e c i s i o n  t o  t r y  a  new d e v ic e  on 
t h e  m a rk e t  w hich  had n e v e r  been  u se d  in  such  s t u d i e s .  T h is  d e t e c t o r ,
w hich  was s u c c e s s f u l l y  u sed  i n  t h e  FID e x p e r im e n ts  r e p o r t e d  h e r e ,  
was a  p h o t o v o l t a i c  (pv) HgCdTe c ry o g e n ic  d e t e c t o r .  As was th e  
c a s e  w i th  t h e  p h o to c o n d u c t in g  d e t e c t o r ,  t h e  PV d e t e c t o r  i s  a 
quantum d e t e c t o r .  In  t h e  i n t r i n s i c  s e m ic o n d u c to r  e l e m e n t ,  i n f r a r e d  
r a d i a t i o n  e x c i t e s  e l e c t r o n s  from th e  s t a t e s  n e a r  t h e  to p  o f  th e  
v a l e n c e  b a n d ,  a c r o s s  i t s  e n e rg y  g a p ,  i n t o  s t a t e s  n e a r  t h e  bo ttom  
o f  t h e  c o n d u c t io n  b an d ,  p ro d u c in g  e x c e s s  e l e c t r o n - h o l e  p a i r s .
T h is  c h a rg e  s e p a r a t i o n  r e s u l t s  i n  t h e  p r o d u c t i o n  o f  a  v o l t a g e  a t  
o p p o s i t e  ends  o f  t h e  e le m e n t .  The gap w id th  i s  such t h a t  th e  
e n e rg y  U„ i s  r e l a t e d  t o  t h e  l o n g e s t  w a v e le n g th  o f  t h e  r a d i a t i o no
t o  be  d e t e c t e d  a s :
h e
U„ = —  «  0 . 1  eV f o r  \ =  10 nm .
s  X
The gap w id th  i s  a d j u s t e d  by c h a n g in g  th e  a l l o y  c o m p o s i t io n  
H g i-x  ^ x  ŵ e r e  x d e n o te s  t h e  m ole f r a c t i o n  o f  CdTe. F o r  peak
s e n s i t i v i t y  a t  X = 10. x «  0 . 2 . 35 The d e t e c t i v i t y  o f  th e
2a.
PV, HgCdTe d e t e c t o r  i s  1 .2  x lO10 cm Hz 2 W*"1 a t  1 0 .6  urn a s  com- 
p a re d  to  c a .  107 cm Hz^ W 1 f o r  th e  PC, GeAu d e t e c t o r  a t  t h e  same 
w a v e le n g th .  The o u tp u t  im pedance i s  l e s s  th a n  50ohms and r i s e - t i m e s  
a s  s h o r t  a s  50 ns a r e  a t t a i n a b l e  w i th o u t  b i a s .  The r i s e  t im e  o f  
t h e  d e v i c e  c a n  be  d e c r e a s e d  c o n s i d e r a b l y  by th e  a p p l i c a t i o n  o f  a 
r e v e r s e  b i a s  a c r o s s  t h e  pn d io d e  j u n c t i o n .  T h is  was n e i t h e r  n e c e s s a r y  
n o r  d e s i r a b l e  s i n c e  b i a s i n g  i s  n o t  recommended i n  a p p l i c a t i o n s  which 
r e q u i r e  h ig h  s e n s i t i v i t y  and w here t h e  e le m e n t  r e c e i v e s  a  l a r g e  
l o c a l - o s c i l l a t o r  pow er. The r e a s o n  f o r  t h e  l a t t e r  i s  t h a t  th e
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f lu x -p o w e r  and b ia s -p o w e r  l i m i t s  a r e  c u m u la t i v e . 36
The s e n s i t i v e  a r e a  o f  t h e  d e t e c t o r  i s  4 x 10“ 4 cm2 and t h e  
maximum amount o f  power w hich i t  c a n  d i s s i p a t e  i s  8 mW. From th e  
beam p r o f i l e ,  t h e  i r r a d i a n c e  a t  t h e  c e n t e r  o f  th e  G a u ss ia n  beam 
was c a l c u l a t e d  to  be  a  maximum o f  10 W cm- 2 . In  t h i s  ex tre m e  
c a s e ,  t h e  power i n c i d e n t  upon th e  e le m e n t  would be 1+ mW w hich  
i s  w e l l  w i t h i n  l i m i t s .  I t  was found  t h a t  t h e  d e t e c t o r  d id  n o t  
s a t u r a t e ;  t h a t  i s ,  i t  d id  n o t  become s i g n i f i c a n t l y  n o n - l i n e a r  i n  
s e n s i t i v i t y ,  even  when maximum power was i n c i d e n t  upon th e  e le m e n t .  
The r e s u l t s  o f  t h e s e  t e s t s  c a n  b e  found  i n  A ppendix  1 ,  S e c t io n  C.
9 * S i g n a l  P r o c e s s i n g
The a c t u a l  s i g n a l  o b s e rv e d  a t  t h e  o u tp u t  o f  t h e  PV, HgCdTe 
d e t e c t o r  d u r in g  t h e  FID and o p t i c a l  n u t a t i o n  e x p e r im e n ts  had  a 
maximum a m p l i tu d e  o f  20 y,v. I t  was n e c e s s a r y  to  a m p l i fy  t h i s  
s i g n a l  i n  two s t a g e s  so t h a t  i t  c o u ld  be  view ed on th e  Dumont J66 HF 
o s c i l l o s c o p e ,  and th e n  a f i n a l  s t a g e  o f  a m p l i f i c a t i o n  was needed  
b e f o r e  t h e  s i g n a l  c o u ld  b e  p ro c e s s e d  by th e  PAR 160 Boxcar i n t e g r a t o r .  
The s i g n a l - p r o c e s s i n g  c i r c u i t  d ia g ra m  i s  shown i n  F i g .  16.
As was th e  c a s e  w i th  t h e  p u l s e  sy s te m ,  im pedance m a tc h in g  was 
an  im p o r ta n t  c o n s i d e r a t i o n .  The t r a n s im p e d a n c e  p r e a m p l i f i e r  was 
m ounted d i r e c t l y  on t h e  b a s e  o f  t h e  IR d e t e c t o r  by means o f  a  BNC 
c o n n e c to r  so  t h a t  t h e  i n t e r c o n n e c t i n g  le a d  l e n g t h  was l e s s  th a n  3 cm. 
The o u tp u t  o f  t h e  p r e a m p l i f i e r  was s e n t  t o  t h e  T e k t r o n ix  121 w id e ­
band a m p l i f i e r  o v e r  50-ohm, RG58U t r a n s m i s s i o n  l i n e .  T h is  l i n e  was 
t e r m in a t e d  w i th  a  50-ohm f e e d th r u  a t  t h e  1 Mohm in p u t  o f  t h e  121
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F i g u r e  16. S i g n a l - p r o c e s s i n g  c i r c u i t .
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a m p l i f i e r .  The 93-°hm o u tp u t  o f  t h e  121 a m p l i f e r  was c o n n e c te d  to  
t h e  c h a n n e l - 2  v e r t i c a l  i n p u t  o f  th e  F a i r c h i l d  Job HF o s c i l l o s c o p e  
by means o f  a  s p e c i a l  t e r m in a t e d  o u tp u t  c a b l e .  F i n a l l y ,
a  s h o r t  l e n g th  of RG58U c o n n e c te d  t h e  low -im pedance c h a n n e l - 2 
o u tp u t  o f  t h e  766 HF t o  t h e  1 0 0 -k o h m  in p u t  o f  t h e  PAR 160 b o x c a r .
G re a t  c a r e  was t a k e n  to  p r e v e n t  t h e  f o rm a t io n  o f  ground lo o p s .
T h is  s i t u a t i o n  i s  p a r t i c u l a r l y  t ro u b le s o m e  whenever h ig h  g a in  
a m p l i f e r s  a r e  em ployed . The p rob lem  i s  b e s t  u n d e r s to o d  by c o n s i d e r ­
in g  t h e  c i r c u i t  d ia g ra m  i n  F ig .  17- M agnetic  f l u x ,  w hich l i n k s  
t h e  c l o s e d  c i r c u i t  form ed by g ro u n d in g  th e  in p u t  s h i e l d  a t  b o th  e n d s ,  
p ro d u c e s  a  c u r r e n t  f lo w .  T h is  c a u s e s  a  v o l t a g e ,  eg]_, t o  a p p e a r  be tw een  
t h e  two ends o f  t h e  s h i e l d .  T h is  v o l t a g e  i s  added t o  t h e  i n p u t  s i g n a l  
e 8 so  t h a t  t h e  i n p u t  t o  t h e  a m p l i f i e r  i s  e g + 6gl* I n t h e  c a s e  o f  
s m a l l  s i g n a l s ,  eg^ may b e  much l a r g e r  th a n  e s , so  t h a t  t h e  a m p l i f i e r  
o u t p u t ,  e 0 , w i l l  be  l a r g e l y  t h e  ground loop  v o l t a g e .  T h is  c o n d i t i o n  
can  be av o id e d  i f  each  p i e c e  o f  equ ipm en t i s  grounded a t  o n ly  one 
p o i n t .  T h is  means rem ova l o f  s a f e t y  g rounds and som etim es even  
e l e c t r i c a l  i s o l a t i o n  from  r e l a y  r a c k s  i s  r e q u i r e d .  When i t  i s  n e c ­
e s s a r y  t o  ground  a  c a b l e  s h i e l d  a t  b o th  ends i t  may be h e l p f u l  t o  
i n s t a l l  a r e s i s t o r  ( 10 ohms) i n  t h e  loop  to  l i m i t  t h e  c u r r e n t .
E x te n s iv e  t e s t i n g  o f  t h e  s i g n a l  p r o c e s s i n g  equ ipm en t was c o n d u c te d  
w henever p o s s i b l e  i n  o r d e r  t o  d e te rm in e  th e  s p e c i f i c a t i o n s  on newly 
c o n s t r u c t e d  equ ipm en t and to  v e r i f y  t h e  m a n u f a c t u r e r ' s  c la im s  on 
p u rc h a s e d  e q u ip m en t .
The T IX L I52 i n t e g r a t e d  c i r c u i t ,  u sed  t o  c o n s t r u c t  th e






t r a n s im p e d a n c e  p r e a m p l i f i e r  was o b ta in e d  from Texas I n s t r u m e n t s ,
T h is  d e v ic e  i s  e s s e n t i a l l y  a h ig h - s p e e d  o p e r a t i o n a l  a m p l i f i e r  w ith  
a  b an d w id th  (~3dB) o f  20 MHz when d r i v i n g  a  50-ohm lo a d .  R is e  tim e 
and g a in  t e s t s  w ere  p e rfo rm e d  on t h e  a m p l i f i e r  w i th  t h e  a s s o c i a t e d  
c i r c u i t r y  a s  i n d i c a t e d  i n  A ppendix  4, S e c t i o n  C. The s i g n a l  s o u rc e  
was a HP 211A sq u a re -w av e  g e n e r a t o r .  A 150-ohm r e s i s t o r  was 
p la c e d  a c r o s s  t h e  75~°hm o u tp u t  o f  t h e  211A t o  g iv e  a  50“ °hm o u tp u t  
im pedance . The o u tp u t  from th e  a m p l i f i e r  u n d e r  t e s t  was t e rm in a t e d  
w i th  50 ohms a t  t h e  J66  HF. In  t h i s  c o n f i g u r a t i o n ,  t h e  combined 
r i s e  t im e  o f  t h e  g e n e r a t o r  and o s c i l l o s c o p e  was 10 n s .  F ig u r e  18 
shows th e  a m p l i f i e r  o u tp u t  u n d e r  t h e  above c o n d i t i o n s .  The tim e 
b a s e  was 50 n s / d i v .  I t  can  be s e e n  t h a t  t h e  a m p l i f i e r  does  n o t  
a p p r e c i a b l y  i n c r e a s e  th e  r i s e  tim e o f  t h e  p u l s e  o v e r  th e  l i m i t  s e t  
by t h e  g e n e r a t o r  and o s c i l l o s c o p e .  In  F ig .  19 th e  u p p e r  t r a c e  
i s  t h e  g e n e r a t o r  o u t p u t ,  5 and t h e  low er  t r a c e  i s  th e  a m p l i f i e r  
o u t p u t ,  200 mVj t h u s ,  t h e  v o l t a g e  g a in  i s  60 . The p u l s e - r e p e t i t i o n  
r a t e  i n  b o th  o f  t h e s e  f i g u r e s  was 1 MHz b u t  t h e  t im e - b a s e  i n  F ig .
19 was i n c r e a s e d  t o  5^0 n s / d i v .  so  t h a t  more p u l s e s  c o u ld  be  seen  
a t  o n c e .  The e q u i v a l e n t  i n p u t - n o i s e  l e v e l  was found to  be  7 w»V.
T h is  i s  i n  ag reem en t w i th  t h e  m a n u f a c tu r e r ’s s p e c i f i c a t i o n s .
S i m i l a r  t e s t s  w ere  p e rfo rm e d  on th e  T e k t r o n ix  121 w ideband 
a m p l i f i e r ,  t h e  r e s u l t s  o f  which met o r  ex ceed ed  s p e c i f i c a t i o n s .
I t s  r i s e  t im e  was found to  be l e s s  th a n  20 n s .  The r i s e  t im e  o f  th e  
c a s c a d e d  a m p l i f i e r s ,  g iv e n  as
Ts  = ( I r a 2  +  TRB2 ) *  >
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F ig u r e  18. O u tpu t o f  TIXLI52 t r a n s im p e d a n c e  a m p l i f i e r  ( 50-ohm
t e r m i n a t i o n )  d i s p l a y e d  on 766  HF (50  n s / d i v .  t i m e - b a s e ) .
107
108
F ig u r e  1 9 . Upper t r a c e :  i n p u t  t o  t r a n s im p e d a n c e  a m p l i f i e r
(10 m V /d iv . )
Lower t r a c e :  o u tp u t  o f  t r a n s im p e d a n c e  a m p l i f i e r
( 50-ohm t e r m i n a t i o n ,  100 m V /d iv .)
Time b a s e  ( f o r  u p p e r  and low er t r a c e s ) :  500 n s / d i v .
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was found  t o  e q u a l  c a .  30  n s .
The Dumont 766  HF o s c i l l o s c o p e  was u sed  w i th  a  ty p e  J9-02A  
d u a l - t r a c e  v e r t i c a l - a m p l i f i e r  p l u g - i n  w i th  a  r i s e  t im e  o f  4 n s .  An 
a d d i t i o n a l  g a in  o f  10 was a v a i l a b l e  from  t h e  a u x i l i a r y  c h a n n e l - 2 
o u tp u t  w i th  a  d e g r a d a t io n  o f  r i s e  t im e  t o  15 n s .  T h is  o u tp u t  was 
u s e d  t o  d r i v e  t h e  PAR 160 b o x c a r  d e t e c t o r .  The s w e e p - r a te  o f  t h e  
766 HF was c a l i b r a t e d  w i th  a  T e k t r o n ic  180A c r y s t a l - c o n t r o l l e d  
Time-Mark g e n e r a t o r .  F i g u r e  2 0  shows th e  lp ,s  m a rk -p u l s e s  when a 
s w e e p - r a te  o f  500 n s / d i v .  was s e l e c t e d .  The s w e e p - r a te  i s  ab o u t  
3 (jo i n  e r r o r  and i s  th u s  w i t h i n  s p e c i f i c a t i o n s .  In  a d d i t i o n  to  
m o n i to r in g  th e  d e t e c t o r  s i g n a l  on c h a n n e l  2 ,  c h a n n e l  1 o f  t h e  766  HF 
was u se d  t o  check  p u l s e  t im in g .  T h is  was ac c o m p lish e d  by m o n i to r in g  
t h e  r f  s i g n a l  in d u c ed  i n  two s m a l l  lo o p s  o f  w i r e  w hich w ere p la c e d  
n e a r  t h e  sam ple c e l l .  A s m a l l  b l i p ,  fo l lo w e d  by a  r i n g i n g  p a t t e r n ,  
was o b s e rv e d  a t  t h e  o n s e t  and t e r m i n a t i o n  o f  each  S t a r k  p u l s e .
Even though  t h e  s i g n a l - t o - n o i s e  r a t i o  was l a r g e  enough to  p e rm i t  
t h e  s i g n a l  t o  be  v iew ed d i r e c t l y  w i th  an  o s c i l l o s c o p e ,  i t  was 
n e c e s s a r y  to  employ a  n o i s e  r e d u c t i o n  te c h n iq u e  in  o r d e r  t o  s e e  th e  
s i g n a l  i n  g r e a t e r  d e t a i l .  To t h i s  e n d ,  t i m e - a v e r a g in g  was a cc o m p lish e d  
th ro u g h  th e  u s e  o f  a P r i n c e t o n  A p p lie d  R e se a rc h  Model 160 b o x c a r  
i n t e g r a t o r .  A b o x c a r  i n t e g r a t o r  em ploys a v a r i a b l e - w i d t h , v a r i a b l e -  
d e la y  g a t e ,  o r  a p e r t u r e ,  w hich w i l l  sam ple any p o i n t  o f  a  r e p e t i t i v e  
waveform . T h is  sam pled p o r t i o n  o f  t h e  waveform i s  a v e ra g e d  by an  
i n t e g r a t o r  w i th  a v a r i a b l e  t im e  c o n s t a n t .  B ecause  th e  mean v a lu e  o f  
n o i s e  i s  z e r o ,  th e  o u tp u t  o f  th e  i n t e g r a t o r  w i l l  a s y m p t o t i c a l l y  a p p ro ac h
Ill
F ig u r e  2 0 .  Tim e-base c a l i b r a t i o n  f o r  Dumont 766 HF o s c i l l o s c o p e
( t im e -b a s e  s e t  to  500 n s / d i v . , p u ls e  s e p a r a t io n  = lp ,s ) .
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t h e  s i g n a l  l e v e l ,  th e re b y  s u p p r e s s in g  th e  accom panying n o i s e .
The g a t e  can  be scan n ed  a u t o m a t i c a l l y  a c r o s s  t h e  s i g n a l  and th e  
complete, waveform re p ro d u c e d  on an x -y  r e c o r d e r .
The a p e r t u r e  t im e  d e te rm in e s  th e  b a s i c  sy s tem  r e s o l u t i o n .
R>r s i m p l i c i t y ,  th e  e f f e c t i v e  r i s e - a n d  f a l l - t i m e  o f  t h e  b o x c a r  may be  
c o n s id e r e d  t o  b e  e q u a l  t o  t h e  a p e r t u r e  t im e .  I n  s e l e c t i n g  a p e r t u r e  
t i m e ,  one must compromise be tw een  r e s o l u t i o n ,  o u tp u t  n o i s e - t o - s i g n a l  
r a t i o ,  and e x p e r im e n ta l  t im e .  A lth o u g h  i t  i s  a lw ays  d e s i r a b l e  
t o  keep  a l l  t h r e e  a s  s m a l l  as  p o s s i b l e ,  a c h i e v in g  any two o f  t h e  
o b j e c t i v e s  a lw ays  seems t o  mean s a c r i f i c i n g  t h e  t h i r d .  The 
f a c t o r  by w hich  t h e  s i g n a l - t o - n o i s e  r a t i o  i s  im proved i s  c a l l e d  
t h e  s i g n a l - t o - n o i s e  im provement r a t i o ^7 and i s  g iv e n  by
w here f  i s  t h e  t r i g g e r - f r e q u e n c y  r e p e t i t i o n  r a t e  and OTC i s  th e  o b s e r v ­
ed t i m e - c o n s t a n t .  I t  i s  t h e  " r e a l  t im e "  r e q u i r e d  f o r  t h e  p ro c e s s e d  
o u tp u t  s i g n a l  t o  r e a c h  63°jo o f  i t s  t r u e  e v e n t u a l  v a l u e .  For s h o r t
mode, t h e  o b s e rv e d  t i m e - c o n s t a n t  i s  a f u n c t i o n  o f  th e  
h i g h - r e s o l u t i o n  t i m e - c o n s t a n t  (TCh r ) , t h e  no rm al r e s o l u t i o n  t im e -  
c o n s t a n t  ( T C ^ ) ,  t h e  a p e r t u r e  t im e  (A T), t h e  s t r e t c h  t im e  (S T ) ,  
and t h e  r e p e t i t i o n  f r e q u e n c y  ( f ) .  Assuming th e  o u tp u t  has  had t im e  
t o  r e s p o n d ,  t h e  o b s e rv e d  t i m e - c o n s t a n t  i s  g iv e n  a s :
SNIR = [ 2 ( 0 T C ) f ] s
a p e r t u r e  t i m e s ,  when t h e  b o x c a r  i s  o p e r a t e d  i n  t h e  h i g h - r e s o l u t i o n
OTC f
1
I n  t h e  FID e x p e r im e n t s ,  TC^r  = 100 u s ,  TCj^ = 30 n s ,  AP a  10 ms,
ST = 10 ^ s ,  and f  = 2 . 6  k H z ;  t h u s ,  i t  was p o s s i b l e  t o  a c h ie v e  an 
OTC = 0.1+02 s w hich y i e l d e d  a  SNIR = II+5. S in c e  th e  s i g n a l - t o - n o i s e  
r a t i o  a t  t h e  i n p u t  t o  th e  b o x c a r  was ~  k ,  t h i s  g iv e s  a  s i g n a l - t o -  
n o i s e  r a t i o  o f  — 600 a f t e r  t im e - a v e r a g in g .  I n  m ost c a s e s  a  s c a n ­
t im e  o f  600 s was employed to  i n s u r e  t h a t  th e  i n t e g r a t o r  had 
re sp o n d e d  f u l l y  t o  t h e  s i g n a l .  A s id e  from t h e  p r e l i m i n a r y  t e s t s  
c a l l e d  f o r  i n  t h e  i n s t r u m e n t  m a n u a l,  t h e  t im e - b a s e  o f  t h e  PAR 160 
was c a l i b r a t e d  u s in g  th e  waveform from t h e  T e k t r o n ix  180A tim e-m ark  
g e n e r a t o r .  F ig u r e  21 shows th e  r e s u l t s  o f  two c o n s e c u t iv e  sc a n s  
o f  t h e  l-p ,s  mark u s in g  t h e  2-+is t im e  b a s e .  I t  can  be  seen  t h a t  
t h i s  g iv e s  a  c a l i b r a t i o n  o f  187 n s  p e r  d i v i s i o n .
F i g u r e  2 1 .  T im e-b ase  c a l i b r a t i o n  o f  PAR 160 b o x c a r  d e t e c t o r .
( t i m e - b a s e  s e t  t o  500n s / d i v . , p u l s e  s e p a r a t i o n  »
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CHAPTER IV 
RESULTS AND DISCUSSION
A. OBSERVATION OF FID AND OPTICAL NUTATION IN NHpD
D ata  p r e s e n te d  in  t h i s  s e c t i o n  w i l l  be  in  th e  form  o f  p h o to g ra p h s  
o f  o s c i l l o s c o p e  t r a c e s  o r  t h e  r e c o rd e d  r e s u l t s  o f  b o x c a r  i n t e g r a t o r  
s c a n s .  T hese  s i g n a l  p r o c e s s i n g  t e c h n iq u e s  w ere d i s c u s s e d  in  C h a p te r  
I I I ,  s e c t i o n  C - 9 , w here i t  was s t a t e d  t h a t  t h e  s i g n a l s  c o u ld  be 
d i s p l a y e d  i n  e i t h e r  o f  t h e s e  two fo rm s .  The b o x c a r  s can s  p roduce  
an  x - y - p l o t  w hich c o r re s p o n d s  t o  t h e  waveform ( a m p l i tu d e  v e r s u s  
t im e )  d i s p l a y e d  on th e  o s c i l l o s c o p e .
U n le s s  o th e rw is e  i n d i c a t e d ,  t h e  NH^D sam ple  was p r e p a r e d  as  
d e s c r ib e d  i n  C h a p te r  I I I ,  s e c t i o n  A, by m ix in g  e q u a l  amounts o f  NH3 and 
ND3 . The dc S ta r k  f i e l d  was 3*559 + 0 .0 0 3  kV cm-1  so t h a t  a v e l o c i t y  
group i n  t h e  wing o f  th e  ( V2, j K_xk^ = (°a>  ^0 4 ) -+ ( i s .  514) t r a n s i ­
t i o n  was e x c i t e d  by th e  P ( 2 0 ) ,  C02 l a s e r  e m is s io n  a t  yh k .191  cm"1 .
F ig u r e  1 p r e s e n t s  t y p i c a l  r e s u l t s  o f  an  FID e x p e r im e n t .  The 
p r e s s u r e  w i t h i n  th e  sam ple c e l l  was ~  6 m T orr.  S w i tc h in g  was accom­
p l i s h e d  by th e  a p p l i c a t i o n  o f  a  S t a r k  p u l s e  h a v in g  an  a m p l i tu d e  o f  
8 .3  + 0.1 V cm "1 . The u p p e r  t r a c e  shows th e  p u l s e  t i m in g ;  t h e  r i s e  
and f a l l  o f  t h e  p u ls e  a r e  i n d i c a t e d  by th e  l e a d in g  edges  o f  th e  
r i n g i n g  p a t t e r n s .  The lo w er  t r a c e  g iv e s  t h e  o u tp u t  o f  th e  HgCdTe, PV 
d e t e c t o r  a f t e r  a m p l i f i c a t i o n .  The t im e  b a s e  i s  500 n s / d i v .  In F ig .  1 , 
t h e  FID e n v e lo p e  i s  r e a d i l y  v i s i b l e  and w i th  c a r e f u l  i n s p e c t i o n  
i t  i s  p o s s i b l e  to  see  t h e  b e a t s  be tw een  th e  l a s e r  and th e  in d u c t io n
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F ig u r e  1„ O p t i c a l  FID s i g n a l s  from  t h e  sam ple  NHgD a t  a  p r e s s u r e  
o f  6 m T o r r ,  d i s p l a y e d  on 766  HF.
Upper t r a c e :  S t a r k  p u l s e  t im in g  
Lower t r a c e :  s i g n a l  from HgCdTe, PV d e t e c t o r  
( 1 0 u V /d iv . ) .
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s i g n a l .  The v e r t i c a l - a m p l i f i e r  s e n s i t i v i t y ,  i n c l u d i n g  th e  p r e ­
a m p l i f i e r  g a i n ,  was 10 p,V/div.; t h e r e f o r e ,  th e  s i g n a l  a m p l i tu d e  was 
16 uv and th e  c o r r e s p o n d in g  n o i s e  a m p l i tu d e  was 1- uV.
F ig u r e  2 i s  th e  r e s u l t  o f  a  t im e -a v e ra g e d  b o x c a r  s c a n .  The 
p u l s e - w i d t h  was d e c r e a s e d  to  — 950 n s  b u t  a l l  o t h e r  e x p e r im e n ta l  
p a r a m e te r s  w ere  th e  same a s  t h o s e  d e s c r ib e d  f o r  F i g .  1. The b o x c a r  
i n t e g r a t o r  was a d j u s t e d  as  d iscu s ;sed  i n  C h a p te r  I I I ,  s e c t i o n  C - 9 , t o  
g iv e  a  SNIR o f  ~  125 o r  an  o v e r a l l  s i g n a l - t o - n o i s e  r a t i o  o f  600.
T h is  s c a n  c l e a r l y  shows t h e  damped o s c i l l a t i o n  w hich i s  t h e  FID b e a t  
and what a p p e a rs  t o  be  a f r a c t i o n  o f  a  n u t a t i o n a l  c y c l e .  I f  th e  
w ig g le s  w ere  c l e a r l y  due t o  h e te ro d y n in g ,  t h e  b e a t  f re q u e n c y  
would i n c r e a s e  l i n e a r l y  w i th  i n c r e a s i n g  S t a r k  f i e l d .  T h is  c o n d i t i o n  
i s  v e r i f i e d  i n  F i g .  3 w hich shows th e  s i g n a l  as  t h e  p u l s e  t e r m i n a t e s .  
The u p p e r  s c a n  was o b ta in e d  w i th  a  p u l s e  a m p l i tu d e  o f  8 .3  + 0 , 1  V cm- 1  
and th e  o b se rv e d  b e a t  f r e q u e n c y  was 2 .3  +  0 .1  MHz. To o b t a i n  th e  
lo w er  t r a c e ,  th e  p u l s e  a m p l i tu d e  was d o ub led  ( 1 6 .2  + 0 .1  V cm” 1 ) 
and  th e  o b se rv e d  b e a t  f r e q u e n c y  in c r e a s e d  t o  8 .2  + 0 . 3  MHz. Thus i t  
can  be s e e n  t h a t  w i t h i n  t h e  l i m i t s  o f  e r r o r ,  d o u b l in g  t h e  S t a r k  f i e l d  
do ub led  th e  b e a t  f r e q u e n c y .  The m a g n itu d e  o f  th e  S t a r k  s h i f t  was 
found from th e  above d a t a .  T h is  v a lu e  o f  5IO + 20 kHz cm V-1  a g r e e s  
r a t h e r  w e l l  w i th  B re w e r 's  v a lu e  o f  ^10 + 30 kHz cm V- 1  o b ta in e d  
from F ig .  2 o f  h i s  p a p e r  c o n c e rn in g  FID in  NH^D1. The o v e r a l l  
s i g n a l  c o r re s p o n d s  re m a rk a b ly  w e l l  w i th  B re w e r 's  r e s u l t s  shown in  
F ig .  5 o f  C h a p te r  I I .  T h e r e f o r e ,  t h e r e  i s  no doub t t h a t  th e  
c o h e r e n t  t r a n s i e n t  e f f e c t s  o f  o p t i c a l  n u t a t i o n  and FID were o b s e r v e d ,
Figure 2 T i m e - a v e r a g e d  F I D  s i g n a l s  f r o m  t h e  s a m p l e  N H ^  a t  
p r e s s u r e  o f  6  m T o r r .
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F ig u r e  3- Time a v e ra g e d  FID s i g n a l s  from th e  sam ple  NH^D a t  
a  p r e s s u r e  o f  6 m Torr.
Upper s c a n :  S t a r k - p u l s e  a m p l i tu d e  = 8 .3  + 0 .1  V cm* 1
Lower s c a n :  S t a r k - p u l s e  a m p l i t u d e  =» 1 6 .4  + 0 . 1  V cm* 1
Time b a s e :  18? n s / d i v .
< -  S I G N A L  - O
1 2 8
and t h a t  th e  v a r io u s  e x p e r im e n ta l  d e v ic e s  d e s c r ib e d  in  C h a p te r  I I I  
w ere  f u n c t i o n i n g  p r o p e r l y .
B. THE IMPROVED DETECTION SYSTEM
The im proved d e t e c t i o n  sy s te m , based  on th e  HgCdTe, PV, i n f r a r e d  
d e t e c t o r ,  y i e l d e d  h i g h e r  s e n s i t i v i t y  and s h o r t e r  r i s e  t im es  th a n  
w ere  a t t a i n a b l e  in  th e  p a s t .  O th e r  i n v e s t i g a t o r s 2 had exam ined t h i s  
d e t e c t o r  b u t  f e l t  t h a t  i t  would be u s e l e s s  f o r  u se  i n  t h e s e  s t u d i e s  
due t o  s a t u r a t i o n  o f  th e  c r y s t a l  e le m e n t  c au sed  by th e  h ig h  l o c a l  
o s c i l l a t o r  power (C02 l a s e r  r a d i a t i o n ) .  The r e s u l t s  o f  t e s t s  shown 
i n  a p p e n d ix  1 , s e c t i o n  C, d e m o n s t r a te  t h a t  t h e  d e t e c t o r  does n o t  
become a p p r e c i a b l y  n o n - l i n e a r  a t  h ig h  power l e v e l s .
I f  i t  had been  p o s s i b l e  t o  i r r a d i a t e  th e  sam ple w i th  more 
i n t e n s e  l a s e r  r a d i a t i o n ,  th e  s i g n a l  c o u ld  have  been  g r e a t l y  en h an c ed .
In  a p p e n d ix  1 ,  s e c t i o n  C, i t  i s  shown t h a t  t h e  v o l t a g e  respo ira iv ifcy  
o f  t h e  d e t e c t o r  can  be  g iv e n  a s  Ry «  1 .2  kVW” 1 . F ig u r e  1 i n d i c a t e s  
t h a t  f o r  t h e  FID e x p e r i m e n t s ,  t h e  s i g n a l  o u tp u t  o f  t h e  d e t e c t o r  was 
16 pV. T h is  c o r r e s p o n d s  t o  a  power o f  l . J  x 10" W ( c a l c u l a t e d  u s in g  
th e  v a l u e  o f  R g iv e n  above) i n c i d e n t  upon th e  d e t e c t o r  e le m e n t  o f  a c t i v e  
a r e a  o f  1* x 10"4 cm2 , w hich  y i e l d s  an  i r r a d i a n c e  o f  33 p,W cm"2  f o r  
t h e  he te rodyned  s i g n a l .  B rew er2 c la im e d  l e v e l s  o f  1 W cm"2  f o r  t h e  
l o c a l  o s c i l l a t o r  and l^W cm"2 f o r  th e  i n d u c t i o n  s i g n a l  a t  th e  d e t e c t o r .  
F o r  t h e s e  v a l u e s ,  t h e  h e t ro d y n e d  s i g n a l  a s  d i s c u s s e d  i n  C h a p te r  I I ,  
s e c t i o n  F , i s  g iv e n  a s  1^ = 1^  I s ~ = 1 m;W cm- 2 . He c la im s  a  s i g n a l -  
t o - n o i s e  r a t i o  o f  100 , w i th o u t  t i m e - a v e r a g in g .  I f ,  i n  th e  e x p e r im e n ts  
d i s c u s s e d  in  t h i s  d i s s e r a t i o n ,  i t  had been  p o s s i b l e  t o  i n c r e a s e  th e  
l a s e r  power i n  o r d e r  t o  o b t a i n  a l o c a l  o s c i l l a t o r  l e v e l  o f  1 W cm"2
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a t  t h e  d e t e c t o r ,  r a t h e r  th a n  100 mW cm*2 , i t  i s  assumed t h a t  th e  i n d u c t io n  
s i g n a l  would have  in c r e a s e d  com m ensura te ly  so t h a t  t h e  h e te ro d y n e  s i g n a l  
would be  1 mW cm"2 . T h is  i r r a d i a n c e  would have  y i e l d e d  an o u tp u t  o f  
~  500 p,V from  th e  HgCdTe, PV d e t e c t o r .  The t o t a l  n o i s e  would rem ain  
c o n s t a n t  i n  a m p l i tu d e  s i n c e  i t  was governed  by th e  e q u i v a l e n t  in p u t  
n o i s e  o f  th e  f i r s t  p r e a m p l i f i e r .  Thus, t h i s  m o d i f i c a t i o n  c o u ld  have 
r e s u l t e d  i n  a s i g n a l - t o - n o i s e  r a t i o  i n  e x c e s s  o f  125 a t  sam ple p r e s s u r e s  o f  
o n ly  a  few m T o rr .
C. FURTHER STUDIES
The HgCdTe, PV d e t e c t o r ,  as  used  w i th o u t  b i a s i n g  i n  t h i s  e x p e r im e n t ,  
gave r i s e - t i m e s  as  s h o r t  as  30 n s .  T h is  r e s p o n s e  t im e  was q u i t e  a d e ­
q u a te  f o r  th e  o b s e r v a t i o n  o f  o p t i c a l  n u t a t i o n  and FID i n  th e  N H ^  system  
s t u d i e d  i n  t h i s  work.
The a p p l i c a t i o n  o f  a r e v e r s e  b i a s  t o  t h e  d e t e c t o r  c r y s t a l  c an  r e s u l t  
i n  su b -n an o seco n d  r i s e  t im e s  w i th  a s l i g h t  d e g r a d a t io n  in  s i g n a l - t o -  
n o i s e  r a t i o . 3 In  t h i s  way i t  would be p o s s i b l e  t o  o b t a i n  f a r  b e t t e r  
r e s p o n s e  t im e s  th a n  had  p r e v io u s l y  been  a t t a i n a b l e ,  w i th  a s i g n a l - t o - n o i s e  
r a t i o  p o s s i b l y  s t i l l  b e t t e r  th a n  t h a t  a c h ie v e d  by o t h e r  i n v e s t i g a t o r s  i n  
t h i s  f i e l d .  T h is  would le a d  t o  b e t t e r  t i m e - r e s o l u t i o n  o f  e x i s t i n g  c o ­
h e r e n t  t r a n s i e n t  phenomena and t o  t h e  p o s s i b l e  o b s e r v a t i o n  o f  new e f f e c t s .  
I t  would a l s o  no lo n g e r  be n e c e s s a r y  to  s tu d y  o n ly  sy s tem s  w i th  long  
r e l a x a t i o n  t i m e s .  T h is  assumes t h a t  one would be a b l e  to  buy o r  c o n s t r u c t  
f a s t e r  p u l s e  g e n e r a t o r s  t o  p ro v id e  s h o r t e r  S t a r k  p u l s e s .  P ro g ram ab le  
g e n e r a t o r s  w ith  100 p s  t r a n s i t i o n  t im es  a r e  now a v a i l a b l e  from s e v e r a l  
s o u r c e s . 4
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The sys tem  c o n s t r u c t e d  by t h i s  a u t h o r  o f f e r s  an e x c e l l e n t  
method f o r  th e  s tu d y  o f  r e l a x a t i o n  p r o c e s s e s  i n  g a se s  w hich  e x h i b i t  
a  l i n e a r  S t a r k  e f f e c t  f o r  a t r a n s i t i o n  n e a r  t h e  P (2 0 )  l a s e r  l i n e .  
The n e c e s s a r y  p u l s e  g e n e r a t o r s  a r e  a l r e a d y  on o r d e r  w hich w i l l  
make th e  o b s e r v a t i o n  o f  p h o to n  ech o es  p o s s i b l e .  The e x p e r im e n t  
r e q u i r e s  two S ta r k  p u l s e s ,  and t h e  e n t i r e  s eq u en ce  must t a k e  p l a c e
i n  a  t im e  s h o r t  compared to  Tj_ «  T2 . T h is  was d i s c u s s e d  i n  C h a p te r
rr
I I  s e c t i o n  B. When th e  ^  S t a r k  p u l s e  i s  a p p l i e d ,  eac h  t r a n s i t i o n  
o f  th e  s e t  w i l l  e v o lv e  in d e p e n d e n t ly  i n t o  a  s u p e r r a d i a n t  (p h a s e d )  
s t a t e .  D ephas ing  o c c u r s ,  f o l l o w i n g  th e  p u l s e ,  due t o  D opp le r  
b ro a d e n in g .  A f t e r  a t im e  t s , t h e  Tf p u l s e  i s  a p p l i e d  to  r e v e r s e  th e  
d e p h a s in g  p r o c e s s .  The echo a p p e a r s  a t  a t im e  ~  2 t g a s  a  p u l s e d  
h e te rodyne  s i g n a l  and h e n c e ,  d e t e c t i o n  s e n s i t i v i t y  i s  i n c r e a s e d  as  
m e n tio n ed  e a r l i e r .  The echo  a m p l i tu d e  (A.) w i l l  decay  w i th  i n c r e a s i n g  
p u l s e  i n t e r v a l  t g b e c a u se  o f  c o l l i s i o n s  o r  o t h e r  e f f e c t s  w hich de ­
s t r o y  c o h e re n c e .  From th e  decay  e n v e lo p e  A/Ao=exp ( - 2 t s /T 2 ) , where 
Ao i s  t h e  a m p l i tu d e  f o r  z e r o  t im e  d e l a y ,  t h e  homogeneous r e l a x a t i o n  
t im e  T2 can  be  o b t a i n e d .  In  t h i s  c a s e  t h e r e  i s  no p o w e r -b ro a d e n in g  
(d u e  t o  s a t u r a t i o n )  p r e s e n t  i n  s t e a d y  s t a t e  m e th o d s . 5 Thus i t  i s  
p o s s i b l e  t o  i n v e s t i g a t e  t h e  r e l a x a t i o n  p r o p e r t i e s  o f  m o le c u le s  in  
a  s p e c i f i c  quantum s t a t e .
The m easurem ent o f  Tx , t h e  l o n g i t u d i n a l  r e l a x a t i o n  t i m e ,  by
t h e  a p p l i c a t i o n  o f  m u l t i p l e  S t a r k  p u l s e s  ( a  Tf-pulse fo l lo w e d  by a
TT7j - p u l s e )  i s  a n o th e r  p o s s i b i l i t y  w hich  can  be  e x p l o i t e d  h e r e .
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The s tu d y  o f  more e x o t i c  p r o p a g a t io n  e f f e c t s  such  a s  s e l f ­
in d u c e d  t r a n s p a r e n c y  ( S I T ) , as  d i s c u s s e d  in  C h a p te r  I ,  may be f e a s i b l e  
as  w e l l .  S e l f - i n d u c e d  t r a n s p a r e n c y  i s  th e  p r o p a g a t io n  o f  a c o h e r e n t  
e l e c t r o m a g n e t i c  p u l s e  th ro u g h  an a b s o r b in g  medium w i th o u t  perm anen t 
l o s s  o f  e n e rg y  from th e  r a d i a t i o n  f i e l d .  As i n  o t h e r  c o h e r e n t  t r a n s ­
i e n t  e f f e c t s ,  t h e  p u l s e  m ust be s h o r t  com pared t o  t h e  r e l a x a t i o n  
t im e  T2 f o r  th e  sy s te m .  When a  p u l s e  o f  th e  2n'iT ty p e  i s  u s e d ,  a b s o r p ­
t i o n  d u r in g  th e  f i r s t  h a l f  o f  th e  p u l s e  i s  fo l lo w e d  by s t i m u l a t e d  
e m is s io n  d u r in g  t h e  second  h a l f  o f  t h e  p u l s e .  T here  i s  no n e t  e f f e c t  
o t h e r  t h a n  t h e  r e t a r d a t i o n  o f  th e  p u l s e  w i th i n  t h e  sam p le .  As p i c t u r e d  
i n  t h e  r o t a t i n g  f r a m e ,  t h e  p s e u d o e l e c t r i c  p o l a r i z a t i o n  v e c t o r  (p )  
i s  r o t a t e d  th ro u g h  an a n g le  o f  2Tf so t h a t  t h e  sy s tem  i s  r e t u r n e d  to  
i t s  o r i g i n a l  c o n d i t i o n .  A s p e c i a l  c a s e  i s  t h e  zero-Tf p u l s e  f o r  
w hich n =» o . 6 In  such  p u l s e s ,  t h e  p h a se  o f  t h e  e l e c t r i c  f i e l d  o s c i l ­
l a t i o n s  a s s o c i a t e d  w i th  each  ra y  i s  s h i f t e d  by Tt r a d i a n s  a t  t h e  
m id p o in t  o f  t h e  p u l s e .  T h is  c o r r e s p o n d s  t o  r e v e r s a l  o f  t h e  f i e l d  
d i r e c t i o n  i n  t h e  r o t a t i n g  fram e so  t h a t  t h e  r o t a t i o n  o f  t h e  (p )  v e c t o r  
i s  r e v e r s e d .  I f  t h e  p h a s e - s h i f t  comes a t  t h e  m id d le  o f  a sym m etric
p u l s e ,  <3? ) w i l l  be  r e t u r n e d  t o  i t s  i n i t i a l  a n g le  and th e  sam ple  w i l l
b e  r e t u r n e d  t o  i t s  i n i t i a l  s t a t e  w i th  no n e t  a b s o r p t i o n  o f  e n e r g y . 7 
I t  i s  e x p e r i m e n t a l l y  q u i t e  d i f f i c u l t  t o  s h i f t  t h e  p h ase  o f  th e  f i e l d  
i n  t h e  m id d le  o f  th e  p u l s e .  An a l t e r n a t e  method m igh t be t o  employ
t h e  S t a r k - e f f e c t  t e c h n iq u e .  I f  a t  th e  m id d le  o f  th e  S t a r k  p u l s e ,
t h e  p h a s e s  o f  t h e  o s c i l l a t i n g  t r a n s i t i o n  d i p o l e  moments o f  th e  gas 
c o u ld  b e  s h i f t e d  Tf r a d ia n s  r e l a t i v e  t o  t h e  p h a se  o f  th e  o p t i c a l  f i e l d ,
t h e  i n t e r a c t i o n  p r o c e s s  would change from a b s o r p t i o n  to  s t i m u l a t e d  
e m is s io n .  I t  i s  p o s s i b l e  t h a t  t h i s  c o u ld  b e  a cc o m p lish e d  by u s in g  
an  i n t e r r u p t e d  S t a r k  p u l s e . 8 D uring  th e  i n t e r r u p t i o n ,  t h e  t r a n s i t i o n  
d ip o l e s  a r e  p r e c e s s i n g  f r e e l y  a t  t h e i r  n o n - S t a r k  s h i f t e d  f r e q u e n c y  
(j)S w h i le  th e  r a d i a t i o n  f i e l d  i s  s t i l l  o s c i l l a t i n g  a t  f r e q u e n c y  a).
When th e  S t a r k  p u l s e  i s  r e a p p l i e d ,  and th e  m o le c u le s  resum e t h e i r  
i n t e r a c t i o n  w i th  t h e  l i g h t  w ave, £ ( t h e  e l e c t r i c  v e c t o r  a s s o c i a t e d
w i th  l i g h t  wave) w i l l  l e a d  (p^>(the p o l a r i z a t i o n )  by a  p h a se  a n g le  o f
TT(o>s " <d) t  + —. When th e  f i r s t  h a l f  o f  t h e  S t a r k  p u l s e  was a p p l i e d ,  
t h e  p h a se  la g  o f  (p̂ > was th e  norm al c o n d i t i o n  f o r  a b s o r p t i o n .  I f
( cjus -  oj)  t  = TT, t h e  p o l a r i z a t i o n  w i l l  l e a d  t h e  £ f i e l d  i n s t e a d  o f  la g  
i t .  Thus s t i m u l a t e d  e m is s io n  w i l l  o c c u r .  The d i f f i c u l t y  i s  t h a t  i n  
o r d e r  t o  p ro d u c e  SIT by t h i s  method w i th  100$ e f f i c i e n c y ,  t h e  e n t i r e  
p u l s e  seq u en ce  must t a k e  p l a c e  i n  a  t im e  s h o r t  compared t o  T2 .
B ecause o f  th e  r e s p o n s e - t im e  l i m i t a t i o n s  o f  e x i s t i n g  e l e c t r o n i c  
e q u ip m e n t ,  i t  i s  d i f f i c u l t  t o  meet t h e  above c o n d i t i o n  i n  t h e  c a s e  
o f  NH^D. I t  may be  p o s s i b l e  t o  f i n d  more a p p r o p r i a t e  sy s tem s  w hich 
m ee t t h e  S t a r k - s h i f t  r e q u i r e m e n ts  b u t  a l s o  have  long  r e l a x a t i o n  t im e s  
No one h a s  y e t  s o lv e d  t h i s  p ro b lem .
The p o s s ib le  e f f e c t s  o f  SIT upon p ro p agation  o f  C02 la s e r  r a d ia ­
t io n  are  s t i l l  o f  g r e a t in t e r e s t  becau se o f  th e  p o s s ib le  a p p lic a t io n s  
o f  C02 la s e r s  to  com m unications and la ser -p ro d u ced  plasma experim ents
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APPENDIX I  
TESTS OF INFRARED DETECTORS
A. INTRODUCTION
D evelopm ent o f  t h e  sy s tem  t h a t  was u sed  t o  o b s e rv e  FID and o p t i c a l  
n u t a t i o n  was a  l e n g th y  p r o c e s s  t h a t  r e q u i r e d  c a r e f u l  t e s t i n g  o f  each  
i n d i v i d u a l  component i n  t h i s  sy s tem . One such  s e r i e s  o f  t e s t s  d e a l t  
w i th  i n f r a r e d  d e t e c t o r s .  In  p r i o r  o b s e r v a t i o n s  o f  c o h e r e n t  t r a n s ­
i e n t s ,  o n ly  s lo w ly  r e s p o n d in g  g o ld -d o p ed  germanium d e t e c t o r s  had been  
em p loyed . 1 I n  th e  p r e s e n t  w ork , i t  was hoped t h a t  o t h e r  ty p e s  o f  
d e t e c t o r s  m igh t g iv e  f a s t e r  r e s p o n s e  and b e t t e r  s e n s i t i v i t y  a t  a 
low er p r i c e  th a n  th e  g o ld -d o p e d  germanium d e v i c e .  The two b a s i c  
ty p e s  o f  d e t e c t o r s  c o n s id e r e d  were th e  p y r o e l e c t r i c  d e t e c t o r ,  and th e  
p h o to c o n d u c t in g  (PC) o r  p h o t o v o l t a i c  (PV) quantum d e t e c t o r s .  The 
p r i n c i p l e s  o f  o p e r a t i o n  o f  th e  p y r o e l e c t r i c  d e t e c t o r  a r e  d i s c u s s e d  
in  A ppendix  2 and th o s e  o f  th e  quantum d e t e c t o r s  a r e  d i s c u s s e d  in  
C h a p te r  I I I  s e c t i o n  C -8 . The p y r o e l e c t r i c ,  HgCdTe-PC, and HgCdTe-PV 
d e t e c t o r s  were a l l  t e s t e d .  F o r  r e a s o n s  o u t l i n e d  in  c h a p t e r  I I I  
s e c t i o n  C-8 , t h e  g o ld -d o p e d  germanium, PC d e t e c t o r  was c o n s id e r e d  un­
s a t i s f a c t o r y  f o r  t h i s  e x p e r im e n t ,  and was n o t  e x t e n s i v e l y  t e s t e d .
B. PYROELECTRIC DETECTOR
P r e l i m in a r y  c a l c u l a t i o n s  b a se d  on th e  m a n u f a c t u r e r ' s  s p e c i f i c a ­
t i o n s 2 y i e l d e d  a t h e o r e t i c a l  s i g n a l  a m p l i tu d e  t h a t  was sm a l l  in  
co m p ar iso n  t o  th e  Jo h n so n  n o i s e  from th e  lo a d  r e s i s t o r .  T h is  was 
t h e  c a s e  when th e  d e t e c t o r  was c o n n e c te d  to  g iv e  h ig h  f r e q u e n c y  r e s ­
p o n s e .  In  t h i s  c o n f i g u r a t i o n  th e  s i g n a l - t o - n o i s e  r a t i o  would be so
s m a l l  t h a t  th e  ch an c es  o f  s e e in g  th e  s i g n a l  even  w i th  some tim e 
a v e r a g in g  a c c e s s o r y  would be m arg ina l. .  To t e s t  th e  d e v i c e ' s  r e s p o n s e ,  
a m e c h a n ic a l  cho p p er  was c o n s t r u c t e d  by m oun ting  a r i g h t  h e x a g o n a l  
c y l i n d e r ,  m i r r o r e d  on i t s  s i x  o u t e r  s u r f a c e s ,  c o a x i a l l y  upon a 
r o t a t i n g  s h a f t .  The m i r r o r  was made by p r e c i s i o n - g r i n d i n g  and l a p ­
p in g  th e  s i d e s  o f  a  3 / 8 " a l i e n  w rench .  The s h a f t  was d r iv e n  a t  a 
f r e q u e n c y  o f  750 Hz by a d i e - g r i n d e r  m o to r .  A l a s e r  beam h a v in g  a 
r a d i a n t  f l u x  o f  500 mW cm“ £ s t r u c k  one o f  t h e  s i x  p o l i s h e d  s u r f a c e s .
The r o t a t i o n  o f  th e  s h a f t  c au sed  th e  r e f l e c t e d  beam to  sweep a c r o s s  
t h e  d e t e c t o r  a p e r t u r e  ; l i g h t  t r a n s m i t t e d  th ro u g h  th e  a p e r t u r e  
th u s  had th e  form o f  a p u l s e ,  w i th  a t r a p a z o i d a l  i n t e n s i t y - v s . -  t im e 
p r o f i l e .  The d i s t a n c e  be tw een  th e  m i r r o r  and th e  d e t e c t o r  was a d j u s t ­
ed t o  p r o v id e  a r i s e  ( f a l l )  t im e  o f  ~  200 n s .  F ig u r e  1 i l l u s t r a t e s  
t h e  r e s p o n s e  o f  t h e  p y r o e l e c t r i c  d e t e c t o r  to  such  a  p u l s e .  The 
d e t e c t o r  was o p e r a t e d  w i th  a 10k -ohm lo a d  r e s i s t o r  i n  o r d e r  t o  o b t a i n  
a t h e o r e t i c a l  r i s e  t im e  o f  (21T RC).35 = 100 ns where C«*5pF. With 
t h i s  lo a d  r e s i s t o r ,  t h e  d e t e c t o r  o u tp u t  sh o u ld  be  ( . IpA/w)(.5W)(lO 4̂ )  = 
500|aV. The d e t e c t o r  was eq u ip p e d  w i th  a  c o a te d  germanium l e n s  so 
t h a t  n e a r l y  a l l  o f  th e  l a s e r  beam was c o l l e c t e d .  The o u tp u t  o f  
t h e  d e t e c t o r  was c a p a c i t i v e l y  co u p le d  t o  t h e  T e k t r o n ix  121 a m p l i f i e r ,  
w hich  was s e t  f o r  a g a in  o f  100. I t s  o u tp u t  was p r o p e r l y  t e rm in a t e d  
and  was c o n n e c te d  to  t h e  v e r t i c a l  i n p u t  o f  th e  766  HF o s c i l l o s c o p e .
T h is  y i e l d e d  an e f f e c t i v e  v e r t i c a l  s e n s i t i v i t y  o f  100p,V/div. The 
t im e  b a s e  was 2 |j , s /d iv .  From th e  f i g u r e  i t  can  be s e e n  t h a t  t h e  
sy s te m  r i s e  t im e  ( ~ lu s )  i s  c o n s i d e r a b l y  g r e a t e r  th a n  e x p e c te d  (~200  n s ) .
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F ig u re  1 . R esponse o f  p y r o e le c t r ic  d e te c to r  to  a tr a p e z o d ia l  
p u ls e  (¥ )0  n s )  o f  IR r a d ia t io n .  S ig n a l d isp la y e d
on 766  HF: lOOn.V/div.
Time b a se : 2 |j ,s /d iv .
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The o u tp u t  v o l t a g e  (~200|a,V) i s  i n  f a i r  ag reem en t w i th  th e  e x p e c te d  
v a lu e  ( 5OO11V ). When th e  v a lu e  o f  th e  lo ad  r e s i s t o r  was d e c re a s e d  to  
1 kohms, t o  g iv e  a  r i s e  t im e  o f  10 n s , i t  was n o t  p o s s i b l e  t o  o b ta in  
a  s i g n a l  t h a t  was d i s c e r n i b l e  from th e  n o i s e .
The d e t e c t o r  s u p p l i e d  by th e  m a n u fa c tu r e r  was i n  i t s  e a r l y  
s t a g e s  o f  d ev e lo p m en t .  At a  l a t e r  d a t e ,  a co m p reh en s iv e  d a t a  s h e e t  
was s u p p l i e d .  These s p e c i f i c a t i o n s  w hich in c lu d e d  n o i s e  f i g u r e s  (NEP= 
10“ 1W a t  f u l l  b an d w id th )  s u b s t a n t i a t e d  th e  above r e s u l t s .  T hus , th e  
s e n s i t i v i t y  o f  th e  d e v ic e  f a l l s  w e l l  below  t h a t  r e q u i r e d  f o r  t h i s  
e x p e r im e n t  when th e  d e t e c t o r  i s  c o n n e c te d  to  g iv e  th e  n e c e s s a r y  h ig h  
f r e q u e n c y  r e s p o n s e .
C. MERCURY CADMIUM TELLURIDE PV DETECTOR
T h is  s e c t i o n  d e s c r i b e s  th e  v a r io u s  t e s t s  p e rfo rm e d  t o  e v a l u a t e  th e  
p e r fo rm a n ce  o f  t h e  HgCdTe,PV i n f r a r e d  d e t e c t o r .
The o p t i c a l  sy s tem  was i n  t h e  c o n f i g u r a t i o n  i n d i c a t e d  in  C h a p te r  I I I  
s e c t i o n  C-7. A m e c h a n ic a l  c h o p p e r  was i n s e r t e d  i n t o  th e  beam p a th  
be tw een  th e  l a s e r  and th e  sam ple c e l l .  T h is  cho p p er  c o u ld  be used  to  
p r o v id e  100$> m o d u la t io n  o f  th e  r a d i a t i o n  r e a c h in g  th e  d e t e c t o r .  I t  
p roduced  5OO p,s p u l s e s  a t  a r a t e  o f  600 Hz. The e x p e r im e n t  was perfo rm ed  
w ith  t h e  s e p a r a t i o n  o f  th e  c a p i c a t o r  p l a t e s  b e in g  ab o u t  3 mm. (The 
same s e p a r a t i o n  was u sed  i n  th e  o p t i c a l  n u t a t i o n  and FID e x p e r i m e n t s . )  
When th e  c h o p p e r  was n o t  o p e r a t i n g ,  th e  s i g n a l  p roduced  by th e  e n t i r e  
CW l a s e r  beam was m easured  w ith  a r a d io m e te r  (C o h e ren t  R a d i a t i o n  
Model 201) and found t o  be 100+10 mW cm- 2 . When th e  c h o p p e r  was
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o p e r a t i n g ,  th e  AC o u tp u t  o f  t h e  d e t e c t o r  i n t o  50 ohms was 50+1 mV. 
T hus , f o r  an a c t i v e  a r e a  o f  ( 4 . 0 + 0 . I ) x l 0 " 4cm2 t h e  v o l t a g e  r e s p o n s i -  
v i t y  i s
■v ■ T ( ^ 7L rA (c> T - c25.iP.i8ww-
The v a lu e  o f  th e  r e s p o n s i v i t y  may be e s t i m a t e d  t h e o r e t i c a l l y  u s in g  
d a t a  p ro v id e d  by th e  m a n u fa c tu r e r .  The c a l c u l a t i o n  i s  b a s e d  on 
t h e  n o rm a l iz e d  d e t e c t i v i t y  and th e  p red o m in an t  n o i s e  s o u r c e ,  
s p e c i f i c a l l y  Johnson  n o i s e  ( V j ) . 3 S u b s t i t u t i n g  t h e s e  e x p r e s s i o n s ,  
d i s c u s s e d  in  C h a p te r  I I I ,  s e c t i o n  C-8  g iv e s  
= 14kTRj  & D*
At th e  o p e r a t i n g  te m p e r a tu r e  4kT = 4 x 10" 21 J ,  and th e  dynamic 
r e s i s t a n c e  R i s  g iv e n  t o  be 1 kohms. The s e n s i t i v e  a r e a  A, o f  th e
e le m e n t  i s  4 x 10" 4 cm2 and th e  u n s a t u r a t e d  D* was m easured  by th e
1
m a n u fa c tu r e r  to  be 1 .2  x 1010 cm Hz ?W"a . Thus th e  r e s p o n s i v i t y  i s  
c a l c u l a t e d  to  be Rv = 1 .20  kVW” 1 . T h is  i s  a  rough e s t i m a t e  b u t  i t  
does  f a l l  w i t h i n  t h e  e r r o r  l i m i t s  o f  th e  e x p e r im e n ta l  v a l u e .
The f a c t  t h a t  th e  e x p e r i m e n t a l l y  d e te rm in e d  v a lu e  o f  Rv i s  n o t  
a p p r e c i a b l e  l e s s  th a n  th e  i d e a l ,  t h e o r e t i c a l  R^ i n d i c a t e s  t h a t  th e  
d e t e c t o r  i s  n o t  s a t u r a t i n g  when used  i n  t h i s  e x p e r im e n ta l  c o n f i g u r a ­
t i o n .  F u r t h e r  i n d i c a t i o n  o f  t h i s  i s  g iv e n  i n  F ig ,  2 .  The t h r e e  
b o x c a r  s c a n s  a r e  th e  r e s u l t s  o f  i d e n t i c a l  FID e x p e r im e n ts  perfo rm ed  
w i th  t h e  NH2D sy s te m . The beam h as  been  a t t e n u a t e d  by d i f f e r e n t  
d e g r e e s  by p l a c i n g  p l a s t i c  f i l t e r s  (ones  t h a t  a b so rb  a t  a w av e le n g th  
o f  1 0 .6  irm) be tw een  th e  sam ple c e l l  and th e  d e t e c t o r .  The beam
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F igu re  2: T im e-averaged FID s ig n a ls  from th e  sam ple NĤ D a t a
p r essu r e  o f  6 mTorr. The th r e e  sca n s show th e resp o n se  
o f  th e  HgCdTe, FV d e te c to r  when a tte n u a to r s  are  p la ce d  
betw een th e  d e te c to r  and th e  sam ple c e l l .
A tte n u a tio n  fa c to r s  are 1 :5 :1 2  fo r  th e  low er s c a n , m iddle  
scan  and upper scan  r e s p e c t iv e ly .  A l l  o th e r  ex p er im en ta l 
c o n d it io n s  rem ain unchanged.
Time b a se: 187 n s / d i v .
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was u n a t t e n u a t e d  in  t h e  low er  s c a n .  The r e l a t i v e  s i g n a l  s t r e n g t h s  
a r e  8 : 4 : 1  and th e  a t t e n u a t i o n  f a c t o r s  a r e  1 :3 : 1 2 .  S in c e  t h e  s i g n a l  
i s  l e s s  i n  t h e s e  s c a n s  th a n  i t  s h o u ld  b e ,  i t  a p p e a r s  t h a t  t h e  d e t e c t o r  
becomes s l i g h t l y  n o n - l i n e a r  a t  t h e  h i g h e s t  power l e v e l s .  A lthough  
t h i s  i n d i c a t e s  s a t u r a t i o n ,  a c c o r d in g  t o  t h e  c a l c u l a t i o n  o f  r e s p o n ­
s i v i t y  Rv , t h e  d e t e c t o r  i s  s t i l l  o p e r a t i n g  w i t h i n  s p e c i f i c a t i o n s .
D. MERCURY CADMIUM TELLURIDE PC DETECTOR
The HgCdTe,PC d e t e c t o r  was s u p p l i e d  a dc b i a s  v o l t a g e  th ro u g h
a  1-kohm s e r i e s  r e s i s t o r .  The b i a s  c u r r e n t  was l i m i t e d  t o  3 mA.
At t h i s  b i a s  l e v e l ,  t h e  d e v ic e  h a s  a  ~  40-ohm im pedance when c o o le d  
t o  77K. With t h i s  im pedance ,  t h e  o u tp u t  o f  th e  d e t e c t o r  can  be  c a r r i e d
by 50-ohm s h i e l d e d  c a b l e  w i th o u t  c r e a t i n g  a  g r e a t  im pedance m is -m a tc h .
The o u tp u t  o f  t h e  d e t e c t o r  was c a p a c i t i v e l y  co u p le d  t o  th e  in p u t  o f  th e  
T e k t r o n ix  121 a m p l i f i e r .  The s i z e  o f  t h e  c o u p l in g  c a p a c i t o r  was
0 .2 u F  so  t h a t  a low er c u t - o f f  f r e q u e n c y  o f  16 KHz was o b ta in e d  when 
t h e  o u tp u t  was t e r m in a t e d  i n t o  50 ohms. Under t h e  above c o n d i t i o n s ,  f o r  
r a d i a t i o n  o f  10- l l u m  w a v e le n g th ,  t h e  m a n u fa c tu r e r  o f  t h e  d e t e c t o r
i„
s p e c i f i e s  a d e t e c t i v i t y  (D*) o f  2 .3  x IO10 cm Hz2 W"1 , a  v o l t a g e  r e s ­
p o n s i v i t y  o f  1 .2  x 104 VW” 1, and a  r i s e  t im e  o f  200 n s . 4
T e s t s  o f  t h i s  d e t e c t o r  w i th  t h e  m e c h a n ic a l  c h o p p e r  d e s c r ib e d  
i n  s e c t i o n  B o f  t h i s  a p p e n d ix  i n d i c a t e d  t h a t  th e  r e s p o n s e  t im e  was 
w i t h i n  s p e c i f i c a t i o n s .  The s i g n a l  l e v e l  was n o t  n e a r l y  t h a t  c la im e d  
by th e  m a n u f a c tu r e r ,  s i n c e  t h e  d e v ic e  was a p p a r e n t l y  s a t u r a t i n g  
( e x h i b i t i n g  n o n - l i n e a r  r e s p o n s e  due to  o v e r h e a t in g )  when exposed  t o  
an  i r r a d i a n c e  a s  s m a l l  as  5OO mWcm"2 . I t  would th u s  be  im p o s s ib le
U  3
t o  s e e  sm a l l  s i g n a l s  a g a i n s t  th e  l a r g e  l o c a l  o s c i l l a t o r  b ack g ro u n d .
T h is  d e t e c t o r  was s t i l l  s e n s i t i v e  enough t o  a l lo w  o b s e r v a t i o n  
o f  t h e  600 Hz m o d u la t io n  from th e  f r e q u e n c y  s t a b i l i z e r ,  when th e  
m o d u la t io n  l e v e l  was s e t  a t  i t s  maximum v a l u e . 5
The f i r s t  s u c c e s s f u l  a t t e m p t  o f  S ta r k - m o d u la t in g  t h e  l a s e r  
o u t p u t  u s in g  NH^D was c a r r i e d  o u t  w i th  t h i s  d e t e c t o r .  A s m a l l  
c a p a c i t o r - p l a t e  s p a c in g  o f  1 .2  mm was r e q u i r e d  so  t h a t  th e  p r e s s u r e  
c o u ld  be  in c r e a s e d  t o  a  h ig h  v a l u e  o f  6 T o r r  w i th o u t  t h e  i n i t i a t i o n  
o f  d i e l e c t r i c  breakdow n o f  t h e  gas  sam p le .  A dc b i a s  o f  k 6 l  V was 
r e q u i r e d  and th e  ac component to o k  th e  form o f  a  s i n e  wave w i th  
a  f r e q u e n c y  o r  b30 Hz and an a m p l i tu d e  o f  6 .5  V p e a k - t o - p e a k .  The 
m odel 121 p r e a m p l i f i e r  was a d j u s t e d  t o  g iv e  a  g a i n  o f  t e n .  I t s  
o u tp u t  went th ro u g h  a  s h a r p ly  tu n e d  H e w le t t  P a c k a rd  model 302A 
a m p l i f i e r ,  w hich had  a g a in  o f  105 , b e f o r e  b e in g  d i s p l a y e d  on th e  
766 HF o s c i l l o s c o p e .  I t  was found  t h a t  d e c r e a s i n g  th e  gas  p r e s s u r e  
ca u s e d  an a s s o c i a t e d  d e c r e a s e  i n  t h e  d e p th  o f  m o d u la t io n  o f  t h e  
o b s e rv e d  s i g n a l .  When th e  p r e s s u r e  o f  NH^D d ropped  be low  1 T o r r ,  
t h e r e  was no n o t i c e a b l e  m o d u la t io n .
O b v io u s ly ,  a  tu n e d  a m p l i f i e r  c a n n o t  be  u sed  when w id e -b an d  
r e s p o n s e  i s  r e q u i r e d  a s  i s  t h e  c a s e  i n  th e  o p t i c a l  n u t a t i o n  and FID 
e x p e r i m e n t s .  In  any c a s e ,  t h e  s e n s i t i v i t y  o f  t h i s  d e t e c t o r  f e l l  
o f f  to o  r a p i d l y ,  due t o  s a t u r a t i o n  a t  h ig h  power l e v e l s ,  t o  have 
b een  o f  any f u r t h e r  u s e  i n  t h e  s tu d y  o f  c o h e r e n t  t r a n s i e n t s .
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APPENDIX 2
A METHOD FOR OBTAINING TRUE TEMPORAL 
CONTOURS OF IR PULSES WITH AN INEXPENSIVE DETECTOR 1
A. INTRODUCTION
T h is  ap p e n d ix  d e s c r i b e s  a t e c h n iq u e  t h a t  a l lo w s  one to  employ 
a  p y r o e l e c t r i c  d e t e c t o r  t o  s tu d y  th e  changes  i n  te m p o ra l  p r o f i l e  
o f  i n f r a r e d  p u l s e s .  T h is  t e c h n iq u e  e l i m i n a t e s  p u l s e  d i s t o r t i o n  
due t o  t h e  h e a t i n g  o f  t h e  d e t e c t o r  e le m e n t .
I n  o r d e r  t o  s tu d y  th e  o p t i c a l  p r o p e r t i e s  o f  SF6 g a s ,  i t  was 
n e c e s s a r y  t o  u n d e r s t a n d  th e  h e a t i n g  e f f e c t s  t a k i n g  p l a c e  w i t h i n  t h e  
gas d u r in g  o p t i c a l  s a t u r a t i o n . 2  T h is  e n t a i l e d  th e  i r r a d i a t i o n  o f  
sam ples  o f  SFs a t  p r e s s u r e s  below  133 Pa (1 T o r r )  w i th  p u l s e s  
h a v in g  a w a v e le n g th  o f  1 0 .6  pm and a  r e c t a n g u l a r  " i n t e n s i t y  -  v s .- 
t im e "  p r o f i l e .  T hese  p u l s e s  p ro d u ce  a b s o r p t i o n ,  s t i m u l a t e d  e m is s i o n ,  
and h e a t i n g  i n  c o m p e t i t i o n  w i th  r e l a x a t i o n  and c o o l in g  w i t h i n  th e  
sam ple  c e l l .  The n e t  r e s u l t  o f  a l l  o f  t h e s e  p r o c e s s e s  i s  t o  change 
th e  te m p o ra l  c o n to u r  o f  t h e  t r a n s m i t t e d  p u l s e .  By com paring  th e  
sh a p e s  o f  t h e  i n c i d e n t  and t r a n s m i t t e d  p u l s e s ,  t h e  d e s i r e d  in f o r m a t io n  
on h e a t i n g  e f f e c t s  i s  o b t a i n e d .  I t  w as , t h e r e f o r e ,  n e c e s s a r y  t o  
i n s u r e  t h a t  a l l  p u l s e  c o n to u r s  o b s e rv e d  w ere  f r e e  o f  t h e  d i s t o r t i o n s  
t h a t  m ig h t be  i n t r o d u c e d  by f a u l t y  d e t e c t i o n .
This  b e in g  t h e  c a s e ,  s t r i n g e n t  r e q u i r e m e n ts  were p la c e d  upon 
t h e  d e t e c t i o n  sy s te m .  A r e c t a n g u l a r  p u l s e  c o n t a i n s  b o th  h ig h  and 
low f r e q u e n c y  i n f o r m a t io n  a s  i l l u s t r a t e d  i n  F ig .  1. An i n f r a r e d
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F ig u r e  1
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High and low f r e q u e n c y  i n f o r m a t io n  found i n  a 
r e c t a n g u l a r  p u l s e .
LOW- FREQUENCY 




d e t e c t o r  employed t o  c o n v e r t  such a p u l s e  t o  an  e l e c t r o n i c  s i g n a l  
s h o u ld  t h e r e f o r e  be c a p a b le  o f  b ro a d -b a n d  r e s p o n s e .  T h is  means 
t h a t  i t  sh o u ld  have th e  same c o n v e r s io n  e f f i c i e n c y  a t  h ig h  and low 
f r e q u e n c i e s .
U n l ik e  work in  t h e  v i s i b l e  r e g io n  o f  th e  sp ec tru m  w here th e  
above c r i t e r i o n  can  be met w i th  in e x p e n s iv e  p h o to d io d e s ,  work in  
t h e  i n f r a r e d  r e q u i r e s  s p e c i a l  d e t e c t i o n  t e c h n iq u e s .
T a b le  I  com pares some o f  t h e  more commonly used  d e t e c t o r s .3 
The th e rm a l  s e n s o r s ,  w hich in c lu d e  th e  th e rm o co u p le  and t h e r m i s t e r  
b o lo m e te r ,  a r e  i n h e r e n t l y  s low . I f  t h e  d e v ic e  i s  c o n s id e r e d  a 
v o l t a g e  s o u r c e ,  i t s  th e rm a l  r e s p o n s e  w i l l  be i n v e r s e l y  p r o p o r t i o n a l  
t o  f r e q u e n c y  above th e  th e rm a l  b r e a k - p o i n t .  I f  c o n s id e r e d  r e s i s t i v e ,  
i t s  e l e c t r i c a l  r e s p o n s e  i s  a l s o  i n v e r s e l y  p r o p o r t i o n a l  to  f r e q u e n c y  
above  th e  RC b r e a k - p o i n t .  Thus a t  h ig h  f r e q u e n c i e s ,  t h e  o u tp u t  i s  
i n v e r s e l y  p r o p o r t i o n a l  t o  th e  s q u a re  o f  th e  f r e q u e n c y . 4 These 
d e v i c e s ,  h a v in g  r e s p o n s e  t im e s  from 10 t o  1+0 m s, a r e  to o  slow  f o r  
m ost t r a n s i e n t  s t u d i e s .
Quantum d e t e c t o r s ,  i n  c o n t r a s t ,  a r e  f a s t .  T here  a r e  e s s e n t i a l l y  
two t y p e s .  The p h o to c o n d u c t in g  ty p e  r e l i e s  on an i n c r e a s e  in  e l e c ­
t r i c a l  c o n d u c t i v i t y  o f  a  s e m ic o n d u c to r  cau sed  by an in c r e a s e  in
5
f r e e  c a r r i e r s  p ro d u ced  by i n c i d e n t  r a d i a t i o n .  In  t h e  c a s e  o f  th e  
p h o t o v o l t a i c  d e t e c t o r ,  p h o to n s  s t r i k i n g  th e  pn j u n c t i o n  in  a sem i­
c o n d u c to r  c a u s e  h o l e - e l e c t r o n  p a i r s  t o  d i f f u s e  i n  o p p o s i t e  d i r e c t i o n s  
a c r o s s  t h e  j u n c t i o n ,  p ro d u c in g  a  c h a rg e  s e p a r a t i o n  and t h e r e f o r e  a 
v o l t a g e .  U n f o r t u n a t e l y ,  t h e s e  d e v ic e s  a r e  e x p e n s iv e  and d i f f i c u l t  to  
u s e .
TABLE I
IR DETECTORS 
T y p ic a l  b e s t
Type r i s e  t im e  O p e ra t in g  temp, ( l
T h e r m is to r  10 ms 295
b o lo m e te r
Therm ocouple  40 ms 295
Quantum 1 n s  77
P y r o e l e c t r i c  1 ns 295
P r i c e  ra n g e  






A r e l a t i v e l y  new ap p ro ac h  to  th e  p rob lem  i s  th e  p y r o e l e c t r i c  
d e t e c t o r  which makes u se  o f  th e  p y r o e l e c t r i c  e f f e c t .  T h is  o c c u r s  
i n  c e r t a i n  c l a s s e s  o f  m a t e r i a l s  c a l l e d  f e r r o e l e c t r i c s , w hich 
p o s s e s s  a perm anen t e l e c t r i c  p o l a r i z a t i o n  t h a t  may be  h i g h l y  d e ­
p e n d e n t  on t e m p e r a t u r e . 4 Thus a  s m a l l  t e m p e r a tu r e  v a r i a t i o n  c a u s e s  
a  change  i n  p o t e n t i a l  d i f f e r e n c e  a c r o s s  th e  d e t e c t o r  c r y s t a l .
T hese  d e v ic e s  a r e  s im p le  t o  u se  s i n c e  no s p e c i a l  c o o l in g  i s  n e c e s s a r y ,  
and  th e y  a r e  r e l a t i v e l y  i n e x p e n s iv e .
F ig u r e  2 shows th e  e q u i v a l e n t  c i r c u i t  o f  t h e  p y r o e l e c t r i c  
d e t e c t o r .  The d e v ic e  i s  c a p a c i t i v e  r a t h e r  th a n  r e s i s t i v e ;  t h u s ,  
i t s  im pedance f a l l s  w i th  i n c r e a s i n g  f r e q u e n c y ,  g i v i n g  r i s e  t o  
e s s e n t i a l l y  i n f i n i t e  e l e c t r i c a l  f r e q u e n c y  r e s p o n s e .
T h is  d e v ic e  h a s  one sh o r tco m in g  w hich i s  o f  im p o r ta n c e  i n  p u l s e
y
r e t r i e v a l .  F ig u r e  5 shows a I j . k  ms I .R .  p u l s e  as  r e t r i e v e d  by 
a  b ro a d -b a n d  m ercury  cadmium t e l l u r i d e  p h o to c o n d u c t in g  d e t e c t o r .
T h is  p u l s e  i s  e s s e n t i a l l y  f r e e  o f  d i s t o r t i o n .  When a  p y r o e l e c t r i c  
d e t e c t o r  w hich h a s  been  c o n n e c te d  to  g iv e  a  r i s e  t im e  o f  11 p,sec i s  
s u b s t i t u t e d  f o r  t h e  p h o to c o n d u c t in g  d e t e c t o r ,  t h e  r e s o n s e  i s  as  
i l l u s t r a t e d  i n  F ig .  4 . I t  can  be se e n  t h a t  w h i le  t h e  h ig h - f r e q u e n c y  
component o f  th e  r e c t a n g u l a r  p u ls e  i s  h a n d le d  w i th o u t  d i s t o r t i o n ,  
t h e  lo w -f re q u e n c y  component i s  n o t .  The to p  o f  t h e  p u l s e  a p p e a rs  
t o  have  a l a r g e  t i l t .  T h is  e f f e c t  i s  due t o  th e rm a l  s a t u r a t i o n  w hich 
o c c u r s  when th e  d e t e c t o r  e lem en t i s  exposed  t o  r a d i a t i o n  f o r  a p e r io d  
o f  t im e  long  enough to  c a u se  i t s  t e m p e r a tu r e  t o  i n c r e a s e  g r e a t l y .
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F igure  3 . S ig n a l  from HgCdTe, PC d e te c to r  w ith  250 -n s  r i s e  
time (3  m s / d i v . ) .

1 5 5
F ig u r e  4 . S ig n a l  from p y r o e l e c t r i c  d e t e c t o r  w i th  11 -p,s r i s e  




B . DESCRIPTION OF TECHNIQUE
I t  was t h e  p rob lem  o f  d i s t o r t i o n  w hich o c c u re d  on lo n g  p u l s e s  
o f  IR r a d i a t i o n  t h a t  made i t  n e c e s s a r y  t o  u s e  t h e  a r ra n g e m e n t  
shown i n  F i g .  5* Chopper I  i s  sy n ch ro n o u s  w i th  t h e  l i n e  f r e q u e n c y  
and r o t a t e s  a t  10 Hz. I t  i s  p l a c e d  b e tw ee n  th e  l a s e r  and th e  c e l l  
w hich n o rm a l ly  c o n t a i n s  t h e  gas  u n d e r  i n v e s t i g a t i o n .  Chopper I I  
i s  d r i v e n  by a  n o n -sy n c h ro n o u s  a i r  m o to r  which r o t a t e s  a t  a p p r o x i ­
m a te ly  200 Hz. Being p la c e d  be tw een  t h e  sam ple  c e l l  and th e  p y r o ­
e l e c t r i c  d e t e c t o r ,  i t  b r e a k s  t h e  lo n g  p u l s e s  from I  i n t o  many 
s h o r t  s p ik e s  w i th  r i s e  t im e s  o f  2k  p,s and w id th s  o f  100 ixs. The 
o u tp u t  o f  th e  p y r o e l e c t r i c  i s  th e n  a m p l i f i e d  and d i s p l a y e d  on th e  
o s c i l l o s c o p e  o r  p r o c e s s e d  by a b o x c a r  i n t e g r a t o r .
S in c e  t h e  r o t a t i o n a l  f r e q u e n c i e s  o f  th e  two c h o p p e rs  a r e  i n ­
co m m en su ra te ,  th e  s h o r t  p u l s e s  from I I  a p p e a r  t o  move random ly and 
r a p i d l y  w i t h i n  t h e  lo n g  o b s e r v a t i o n  window o f  I .  Thus when m u l t i p l e  
e x p o s u re s  a r e  ta k e n  o f  s i n g l e  sweeps on an o s c i l l o s c o p e  t r i g g e r e d  
by th e  l e a d in g  edge o f  t h e  p u l s e  from  Chopper I ,  t h e  s m a l l  p u l s e s  
c o m p le te ly  f i l l  t h e  t im e  window to  p r e s e n t  t h e  t r u e  sh ap e  o f  th e  
t r a n s m i t t e d  p u l s e .  The r e s u l t  i s  i l l u s t r a t e d  i n  F i g .  6 and com­
p a r e s  w e l l  w i th  t h e  s i g n a l  from  th e  p h o to c o n d u c t in g  d e t e c t o r  i n  
F ig .  5-
I f  i t  i s  d e s i r e d  t o  o b t a i n  h a rd  copy o f  th e  p u l s e  sh ap e  w i th ­
o u t  t h e  v e r t i c a l  l i n e s  p r e s e n t  i n  th e  p i c t u r e s ,  a b o x c a r  i n t e g r a t o r  
can  be u s e d .  T h is  d e v ic e  s lo w ly  s c a n s  a n a rrow  window o v e r  t h e
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F ig u r e  5 . E x p e r im e n ta l  c o n f i g u r a t i o n  employed f o r  p u l s e  shape 
d e t e c t i o n .
COo LASER
C HOP P E R  I
SAMPLE
C E L L
T E K T R O N I X  
C -  31 CAMERA 7 6 6  H / F
F A I R C H I L D
O S C I L L O S C O P E
I R  D E T E C T O R
M O D E L  16 0
P IN H O L E
C H O P P E R  2
T E K T R O N I X  
1 2 1
P R E A M P L I F I E R
B O X C A R
I N T E G R A T O R
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F ig u r e  6 . M u l t i p l e  e x p o s u re :  P y r o e l e c t r i c  d e t e c t o r  w i th  b o th
ch o p p e rs  o p e r a t i n g  (3  m s /d iv . ) *
* *  •
1 6 2
s y n c h ro n o u s ly  d e t e c t e d  p u l s e  so  t h a t  t h e  random p u l s e s  a v e ra g e  o u t  
t o  g iv e  t h e  t r u e  p r o f i l e .  The r e s u l t  o f  a 600 s b o x c a r  s c a n  i s  
shown i n  F i g .  7 .  The s m a l l  g l i t c h  i s  c a u se d  by th e  e v e r  p r e s e n t  
p ro b le m  o f  t h e  two c h o p p e rs  becom ing m o m e n ta r i ly  s y n c h ro n iz e d .
C. CONCLUSION
I t  h as  b een  se e n  how th e  f a s t  c h o p p e r ,  by b r e a k i n g  th e  long  
p u l s e  i n t o  many s h o r t  p u l s e s ,  t r a n s f o r m s  th e  lo w - f re q u e n c y  component 
o f  t h e  p u l s e ,  so  t h a t  a  d e t e c t o r  w i th  a  good h ig h - f r e q u e n c y  r e s p o n s e  
b u t  p o o r  lo w -f re q u e n c y  r e s p o n s e  can  be u sed  t o  r e t r i e v e  p u l s e  sh ap es  
s u c c e s s f u l l y .  Some l i m i t a t i o n s  s h o u ld  be k e p t  i n  m ind . P u l s e s  
from  Chopper I I  sh o u ld  n o t  be  e x t re m e ly  lo n g  com pared t o  t h e  r i s e  
t im e  o f  t h e  d e t e c t o r ;  b u t  even  i f  th e y  a r e  l o n g ,  t h e  to p  o f  t h e  
s p ik e  i n  t h e  l e a d in g  edge  w i l l  g iv e  th e  c o r r e c t  a m p l i tu d e .  I f ,  how­
e v e r ,  t h e  p u l s e s  a r e  s h o r t e r  th a n  th e  d e t e c t o r  r i s e  t im e ,  t h e r e  w i l l  
be  a t t e n u a t i o n ,  and t h e  c o r r e c t  p u l s e  h e i g h t  w i l l  n o t  be  o b t a i n e d .
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F ig u r e  J.  Boxcar s c a n  o f  o u tp u t  from p y r o e l e c t r i c  d e t e c t o r  w i th  
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APPENDIX 3
FREQUENCY STABILIZATION OF THE C02 LASER1
A. INTRODUCTION
T h is  a p p en d ix  d e s c r i b e s  an  in e x p e n s iv e  m o d i f i c a t i o n  t o  a 
Model 9^8 C02 l a s e r  t h a t  g r e a t l y  im proves t h e  lo n g -a n d  s h o r t - t e r m  
f r e q u e n c y  s t a b i l i t y .  T h is  m o d i f i c a t i o n  does  n o t  r e q u i r e  p r i s m s ,  
g r a t i n g s ,  an  i n f r a r e d  d e t e c t o r ,  o r  an  e x p e n s iv e  l o c k - i n - a m p l i f i e r .  
A l s o ,  a c c u r a t e  tu n in g  and lo c i  ing  o f  t h e  f r e q u e n c y  o v e r  t h e  D opp ler  
g a i n  p r o f i l e  f o r  each  a v a i l a b l e  l a s e r  t r a n s i t i o n  i s  made p o s s i b l e  
t h e r e b y .
One o f  s e v e r a l  p o s s i b l e  l a s e r  t r a n s i t i o n s  i s  s e l e c t e d  by 
c h a n g in g  th e  c a v i t y  l e n g th :  t h e  r e a r  l a s e r  c a v i t y  r e f l e c t o r  i s
m ounted upon a  p i e z o e l e c t r i c  t r a n s d u c e r  f o r  t h a t  p u rp o s e .  The 
m a n u fa c tu r e r  a c h ie v e d  some f r e q u e n c y  s t a b i l i t y  by s t a b i l i z i n g  t h e  dc 
v o l t a g e  a p p l i e d  t o  t h e  p i e z o e l e c t r i c  t r a n s d u c e r  and by  d e s ig n in g  a 
l a s e r  c a v i t y  w hich r e s i s t s  phanges  i n  le n g th  due t o  th e rm a l  and 
m e c h a n ic a l  f l u c t u a t i o n s .  The m a n u fa c tu r e r  c la im s  a long  te rm  (h o u r s )  
f r e q u e n c y  d e v i a t i o n  l e s s  th a n  2 MHz a f t e r  a 1 /2  h o u r  warm-up when an 
a u x i l i a r y  h e a t  e x c h a n g e r  i s  u sed  t o  o b t a i n  g r e a t e r  th e rm a l  s t a b i l i t y .  
On some o c c a s io n s  t h e  l a s e r  d id  a c h ie v e  t h i s  f r e q u e n c y  s t a b i l i t y ;  
how ever ,  i n  most c a s e s  t h e  f r e q u e n c y  d r i f t  was s u f f i c i e n t  t o  c a u s e  a 
jump from one l a s e r  t r a n s i t i o n  t o  a n o t h e r  i n  l e s s  th a n  one h o u r .
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The m o d i f i c a t i o n  i s  a  s e rv o  sy s tem  w hich m o d u la te s  t h e  c a v i t y  
l e n g t h  o f  t h e  l a s e r  and u s e s  t h e  e f f e c t s  o f  t h i s  m o d u la t io n  upon 
t h e  im pedance o f  th e  l a s e r  p lasm a tu b e  to  p ro d u ce  a  f re q u e n c y  
c o r r e c t i o n .  The c a v i t y  l e n g th  i s  m o d u la ted  by ad d in g  an  ac  v o l t a g e  
t o  th e  p i e z o e l e c t r i c  t r a n s d u c e r  d e s c r ib e d  a b o v e .  S in c e  th e  r e so n a n c e  
f r e q u e n c y  o f  th e  l a s e r  c a v i t y  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h i s  
l e n g t h ,  a f r e q u e n c y  m o d u la t io n  i s  o b ta in e d  th e r e b y .  The bandw id th  
o f  t h e  c a v i t y  r e s o n a n c e  f r e q u e n c y  i s  v e ry  much n a r ro w e r  th a n  t h a t  o f  
t h e  g a in  c u rv e  f o r  any one l a s e r  t r a n s i t i o n .  W ith p r o p e r  s e l e c t i o n  
o f  th e  a m p l i tu d e  o f  t h e  ac v o l t a g e ,  th e  m o d u la t io n  im p ressed  upon 
t h e  c a v i t y  r e s o n a n c e  w i l l  be  l a r g e  i n  c o m p a r is io n  w i th  th e  bandw id th  
o f  th e  c a v i t y  r e s o n a n c e ,  b u t  sm a ll  i n  com parison  w ith  t h e  g a in  
w id th .  T h e r e f o r e ,  t h e  o u tp u t  power o f  th e  l a s e r  i s  c au sed  t o  o s c i l l a t e  
by  a  few p e r c e n t  o f  i t s  maximum a t  t h e  same f r e q u e n c y  a s  t h a t  o f  t h e  
ac  v o l t a g e .  A t y p i c a l  l a s e r - g a in - y g . - f r e q u e n c y  c u r v e ,  which i s  shown 
i n  F ig .  1 ,  i l l u s t r a t e s  t h a t  t h e  a m p l i tu d e  and p h ase  r e l a t i o n s h i p  
be tw ee n  t h e  f r e q u e n c y - m o d u la t io n  s i g n a l  and l a s e r  g a in -m o d u la t io n  
s i g n a l  w i l l  b e  u n iq u e  f o r  any p o r t i o n  o f  t h e  l a s e r  g a i n  p r o f i l e  above 
t h e  t h r e s h o l d  l e v e l . 2 The m o d u la t io n  o f  t h e  o u tp u t  power o f  t h e  
l a s e r ,  i n  t u r n ,  p ro d u c e s  an  o s c i l l a t i o n  i n  t h e  im pedance o f  th e  
p la sm a  tu b e  b e c a u s e  t h e  im pedance d e c r e a s e s  a s  th e  power o u tp u t  i n ­
c r e a s e s . 3 ’ 4 Synchronous d e t e c t i o n  o f  t h e  im pedance m o d u la t io n ,  
u s i n g  th e  ac p i e z o e l e c t r i c  s i g n a l  a s  a r e f e r e n c e ,  g iv e s  a  v o l t a g e  
t h a t  i s  p r o p o r t i o n a l  i n  m ag n itu d e  and s i g n  t o  th e  p e a k - s e e k in g
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F ig u r e  1: G ain  yjg. f r e q u e n c y  c u rv e  above t h e  t h r e s h o l d  l e v e l  f o r
a  t y p i c a l  l a s e r  t r a n s i t i o n .  AL i s  t h e  c a v i t y  l e n g th  
( f r e q u e n c y )  m o d u la t io n  t h a t  p ro d u ces  a m o d u la t io n  in  
t h e  g a i n  and a l s o  i n  t h e  im pedance ( a z ) o f  t h e  p lasm a 
t u b e .  ( a )  L a s e r  f r e q u e n c y  o p e r a t i o n  f a r  from  th e  
c e n t e r  f r e q u e n c y .  (b) L a s e r  o p e r a t i o n  n e a r  th e  c e n t e r  
f r e q u e n c y .
a ( b
IV
T H R E S H O L D T H R E S H O L D
FREQUENCY
c o r r e c t i o n  s i g n a l .  T h is  l a t t e r  i s  d e f in e d  as  th e  f r e q u e n c y  c o r r e c ­
t i o n  needed  t o  c a u se  th e  c a v i t y  re s o n a n c e  f r e q u e n c y  t o  c o i n c id e  
w i th  th e  p eak  o f  t h e  l a s e r  g a in  p r o f i l e  f o r  a p a r t i c u l a r  l a s e r  
t r a n s i t i o n .  The p e a k - s e e k in g  c o r r e c t i o n  s i g n a l  i s  i n t e g r a t e d  and 
t h e  r e s u l t i n g  dc v o l t a g e  i s  added t o  t h e  o t h e r  v o l t a g e s  b e in g  a p p l i e d  
t o  t h e  p i e z o e l e c t r i c  t r a n s d u c e r .  T h is  i n t e g r a t i o n  c a u s e s  th e  o u tp u t  
f r e q u e n c y  o f  t h e  l a s e r  t o  be  changed u n t i l  t h e  sy n c h ro n o u s ly  d e t e c t e d  
s i g n a l  becomes z e r o .  The f r e q u e n c y  a t  w hich t h i s  o c c u r s  c o r re s p o n d s  
t o  t h e  peak  o f  t h e  g a in  p r o f i l e  a s  i n t e n d e d .  To o p e r a t e  a t  a 
f r e q u e n c y  w i t h i n  t h i s  g a in  c u rv e  o t h e r  t h a n  t h a t  o f  i t s  p e a k ,  a dc 
v o l t a g e  i s  added to  t h e  s y n c h ro n o u s ly  d e t e c t e d  s i g n a l .  The i n t e ­
g r a t i o n  now c a u s e s  t h e  f re q u e n c y  o u tp u t  o f  t h e  l a s e r  t o  be changed 
u n t i l  t h i s  sum becomes z e r o .  T hus ,  v a r i a t i o n  i n  m ag n itu d e  and s ig n  
o f  t h i s  added dc v o l t a g e  p e r m i t s  f r e q u e n c y  tu n in g  o v e r  t h e  e n t i r e  
l a s e r  g a in  p r o f i l e .
The t e c h n iq u e  o f  m o d u la t in g  th e  l a s e r  f r e q u e n c y  and u t i l i z i n g  
t h e  r e s u l t i n g  p e r t u r b a t i o n  o f  t h e  im pedance o f  t h e  l a s e r  p lasm a tu b e  
t o  p ro d u c e  an  e r r o r  s i g n a l  was f i r s t  r e p o r t e d  by S k o ln i c k . 4 H is 
l a s e r  c a v i t y ,  how ever ,  c o n t a in e d  d i s p e r s i v e  e le m e n ts  (1+ B re w s te r -  
a n g l e  p r i s m s )  w hich i n s u r e d  l a s e r  o p e r a t i o n  a t  a s i n g l e  t r a n s i t i o n .
He u se d  h i s  sy stem  to  s t a b i l i z e  th e  f r e q u e n c y  o f  t h e  l a s e r  r a d i a t i o n  
a t  t h e  peak  o f  th e  l a s e r  g a in  v s  f r e q u e n c y  c u rv e  and a c h ie v e d  a d r i f t  
r a t e  o f  l e s s  th a n  50 k H z /h .  The sy s tem  d e s c r ib e d  h e r e i n  may be  a b l e  
t o  a c h i e v e  th e  same s t a b i l i t y  f o r  a c c e s s i b l e  l a s e r  t r a n s i t i o n s  w i th ­
o u t  th e  u s e  o f  t h e  d i s p e r s i v e  e l e m e n t s .
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B. DESCRIPTION OF MODIFICATION
The h e a r t  o f  th e  f r e q u e n c y  s t a b i l i z a t i o n  sy s tem  i s  t h e  e l e c ­
t r o n i c  d e v ic e  which s y n c h ro n o u s ly  d e t e c t s  th e  p e r t u r b a t i o n s  i n  th e  
im pedance o f  th e  l a s e r  p lasm a tu b e  and g e n e r a t e s  a  v o l t a g e  which can 
be used  to  c o r r e c t  any changes  i n  t h e  l a s e r  c a v i t y  l e n g t h .  I t  may 
be b u i l t  f o r  l e s s  th a n  $lpO >assum ing an o s c i l l o s c o p e  and a u d io  
o s c i l l a t o r  a r e  a v a i l a b l e .  A c i r c u i t  s c h e m a t ic  o f  t h i s  d e v ic e  and i t s  
c o n n e c t io n s  t o  th e  l a s e r  e l e c t r o n i c s  i s  g iv e n  i n  F i g .  2.
A d d i t i o n a l l y ,  two m o d i f i c a t i o n s  o f  th e  e l e c t r o n i c s  o f  th e  
l a s e r  a r e  r e q u i r e d .  The f i r s t  a l t e r a t i o n  i s  n e c e s s a r y  to  o b t a i n  a 
v o l t a g e  s i g n a l  t h a t  i n d i c a t e s  th e  p lasm a tu b e  im pedance . A 
r e s i s t o r  R l i s  p la c e d  in  s e r i e s  w i th  t h e  p la s m a - tu b e  and R2. The 
h ig h  v o l t a g e  dc power su p p ly  _s c u r r e n t  r e g u l a t e d  b u t  h a s  a slow  
r e s p o n s e  compared to  th e  m o d u la t io n  f r e q u e n c y  (65O Hz) we u s e d .  Thus 
a r a p id  m o d u la t io n  i n  th e  p la sm a - tu b e  im pedance p ro d u c e s  a  m o d u la t io n  
i n  th e  c u r r e n t  w hich i s  m easured  as  a  v o l t a g e  m o d u la t io n  a c r o s s  R l .  
T h is  v o l t a g e  i s  th e n  ac c o u p le d  t o  t h e  e l e c t r o n i c  d e v ic e  w hich u s e s  
t h i s  v o l t a g e  s i g n a l  t o  r e g u l a t e  t h e  le n g th  o f  th e  l a s e r  c a v i t y .  The 
c a p a c a t o r  Cl w hich i s  i n  p a r a l l e l  w i th  R l damps o u t  h ig h  f re q u e n c y  
o s c i l l a t i o n s  o f  th e  power s u p p ly .  The second  a l t e r a t i o n  in v o lv e s  th e  
low v o l t a g e  s i d e  o f  t h e  p i e z o e l e c t r i c  t r a n s d u c e r  w hich was o r i g i n a l l y  
g rounded a t  p o i n t  A. In  t h e  o r i g i n a l  c o n f i g u r a t i o n ,  t u n in g  th e  
c a v i t y  l e n g th  o v e r  i t s  ~  6 p,m a d ju s tm e n t  ra n g e  was acco m p lish ed  
by v a ry in g  Rj> which c au sed  0 -100  V dc t o  be a p p l i e d  t o  t h e  p i e z o ­
e l e c t r i c  t r a n s d u c e r .  Because  i t  was c o n v e n i e n t ,  b o th  t h e  m o d u la t io n
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F ig u r e  2 : S ch em atic  o f  M o d i f i c a t i o n .  R e s i s t a n c e s  (ohms) and
c a p a c i t a n c e s  ( m i c r o f a r a d s )  a r e  w i t h i n  10$  o f  nom inal 
v a l u e s ,  and r e s i s t o r s  a r e  power r a t e d  a t  1 /2  W, u n le s s  
o th e r w is e  s t a t e d .  (*) I tem s  mounted on f r o n t  p a n e l .  
HP d e s i g n a t e s  M o to ro la  p r o d u c t s ;  SK d e s i g n a t e s  RCA 
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s i g n a l  and t h e  e r r o r - c o r r e c t i o n  s i g n a l  a r e  a p p l i e d  t o  t h e  low 
v o l t a g e  s i d e  o f  th e  p i e z o e l e c t r i c  t r a n s d u c e r .  T h is  l e a v e s  th e  
o r i g i n a l  c a v i t y  t u n in g  method unchanged .  A lso  f o r  c o n v e n ie n c e } we 
u s e  a p o s i t i v e  (0 -8 6  V) dc a m p l i f i e r  t o  p ro d u ce  t h e  f i n a l  e r r o r  
c o r r e c t i o n  v o l t a g e .  S in c e  f r e q u e n c y  e r r o r s  may be e i t h e r  p o s i t i v e  
o r  n e g a t i v e ,  th e  e l e c t r o n i c s  a r e  d e s ig n e d  t o  g e n e r a t e  4-3 V dc a t  A 
f o r  a  z e r o  f r e q u e n c y  e r r o r  when S i i s  s w i tc h e d  t o  " l o c k " .  W hile 
v a r y in g  R3 to  f i n d  a  p a r t i c u l a r  f r e q u e n c y  S i  i s  s w i tc h e d  to  " s t a n d ­
b y "  p o s i t i o n .  T h is  a p p l i e s  a  c o n s t a n t  43 V dc a t  p o i n t  A. The 
8 6  V ra n g e  o f  th e  dc a m p l i f i e r  p e r m i t s  th e  p o s i t i o n  o f  th e  m i r r o r  
mounted on th e  p i e z o e l e c t r i c  t r a n s d u c e r  t o  be  a u t o m a t i c a l l y  r e g u l a t e d  
o v e r  + 11$ o f  i t s  f u l l  ra n g e  when S i  i s  i n  th e  " lo c k "  p o s i t i o n .
The f r e q u e n c y - r e g u l a t i n g  e l e c t r o n i c s  r e c e i v e  an  i n p u t  s i g n a l  
from  th e  v o l t a g e  m o d u la t io n  a c r o s s  R l .  The s i g n a l  i s  f i r s t  p a s se d  
th ro u g h  a ta n k  c i r c u i t  u sed  as  a  b a n d -p a s s  f i l t e r . 5 The a u d io  
o s c i l l a t o r  was tu n e d  t o  m atch th e  re s o n a n c e  f r e q u e n c y  o f  th e  f i l t e r
( 65O H z). The s i g n a l  (a  few m i l l i v o l t s )  i s  th e n  a m p l i f i e d  w i th  a
B urr  Brown Model 3308 o p e r a t i o n a l  a m p l i f i e r  i n  th e  n o n - i n v e r t i n g  mode.
T h is  a m p l i f i e d  s i g n a l  i s  n e x t  ac c o u p le d  to  an  i n t e g r a t o r  c o n s t r u c t e d
w i th  a B urr  Brown Model 3267  o p e r a t i o n a l  a m p l i f i e r .  Synchronous 
d e t e c t i o n  i s  r e a l i z e d  by c o n n e c t in g  th e  s o u rc e  and d r a i n  o f  a  f i e l d  
e f f e c t  t r a n s i t o r  (FET) a c r o s s  th e  i n p u t s  o f  t h e  i n t e g r a t o r .  When
0 . 4  V dc i s  a p p l i e d  t o  th e  g a t e  o f  t h e  FET i t  has  a  low r e s i s t a n c e  
and e f f e c t i v e l y  s h o r t s  t h e  i n p u t s  o f  th e  i n t e g r a t o r .  When - I 5 V 
dc i s  a p p l i e d  t o  t h e  g a t e  o f  th e  FET i t  h as  a  v e ry  l a r g e  r e s i s t a n c e
and th e  a m p l i f i e d  s i g n a l  from th e  p r e a m p l i f i e r  (A l) i s  e f f e c t i v e l y  
i n t e g r a t e d .  The p h a se  s h i f t i n g  ne tw ork  p ro d u ces  a two l e v e l  (0„k  o r  
- I 5  v)  v o l t a g e  o u tp u t  t h a t  i s  u sed  as t h e  r e f e r e n c e  s i g n a l  in  t h i s  
method o f  synch ronous  d e t e c t i o n .  The i n t e g r a t o r  c o n t in u o u s ly  sums 
t h e  v o l t a g e s  p roduced  by each  c y c l e  o f  syn ch ro n o u s  d e t e c t i o n .  When 
t h e  l a s e r - c a v i t y - l e n g t h  e r r o r  i s  c o r r e c t e d ,  synch ronous  d e t e c t i o n  
g iv e s  a  z e r o  v o l t a g e  f o r  c e n t e r  f r e q u e n c y  o p e r a t i o n ,  b u t  th e  i n t e ­
g r a t o r  s t i l l  m a in ta in s  t h e  v o l t a g e  sum w hich p roduced  t h e  d e s i r e d  
v o l t a g e  c o r r e c t i o n  on t h e  p i e z o e l e c t r i c  t r a n s d u c e r .  The i n t e g r a t o r  
w i l l  c o n t in u e  t o  h o ld  t h i s  v o l t a g e  sum ( t im e  c o n s t a n t  f o r  decay  ~  100 
s )  u n t i l  a  change  in  th e  l a s e r  c a v i t y  l e n g th  c a u se s  t h e  sy n ch ronous  
d e t e c t o r  t o  p ro d u ce  a  n o n -z e ro  v o l t a g e .  To o p e r a t e  a t  a f re q u e n c y  
o t h e r  th a n  th e  c e n t e r  f r e q u e n c y  o f  t h e  g a in  c u r v e ,  S 5 i s  c l o s e d  and 
an  a d j u s t a b l e  v o l t a g e  i s  added t o  t h e  sy n c h ro n o u s ly  d e t e c t e d  s i g n a l  
a t  t h e  i n t e g r a t o r  i n p u t .  The system  w i l l  now s t r i v e  t o  a d j u s t  t h e  
c a v i t y  l e n g th  u n t i l  t h i s  sum i s  z e r o .  The i n t e g r a t o r  o u tp u t  i s  fed  
t o  t h e  anode o f  a  10 V Z ener d io d e .  The c a th o d e  o f  t h e  Z ener  d io d e  
i s  m a in ta in e d  a t  10 V g r e a t e r  th a n  t h e  an o d e .  S in c e  t h e  i n t e g r a t o r  
o u tp u t  may ra n g e  from -10  V t o  +10 V, t h e  i n p u t  t o  t h e  dc a m p l i f i e r  
( p o i n t  B) th e n  r a n g e s  from 0 t o  20 V d c .  T h is  dc s i g n a l  i s  a m p l i f i e d  
by a  f a c t o r  o f  The o u tp u t  from th e  dc a m p l i f i e r  goes  t o  S i  and
th e  low v o l t a g e  s i d e  o f  t h e  p i e z o e l e c t r i c  t r a n s d u c e r .  Thus when 
t h e  i n t e g r a t o r  o u tp u t  i s  z e r o  v o l t s ,  p o i n t  B i s  a t  10 V dc and th e  
dc a m p l i f i e r  o u tp u t  i s  k j  V.
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The p h a se  s h i f t i n g  ne tw o rk  i s  ac  c o u p le d  to  t h e  same a u d io  
o s c i l l a t o r  w h ich  d r i v e s  t h e  p i e z o e l e c t r i c  t r a n s d u c e r .  The p h a s e  o f  
t h i s  v o l t a g e  may be s h i f t e d  up t o  180 d e g re e s  by v a r y in g  R5 .
S w i tc h in g  S3 p e r m i t s  a  180 d e g re e  p h ase  v a r i a t i o n .  T h is  p h a se  s h i f t ­
ed s i g n a l  i s  n e x t  c o u p le d  t o  a  F a i r c h i l d  No. 7^1 o p e r a t i o n a l  a m p l i f i e r  
(A3) i n  t h e  i n v e r t i n g  c o n f i g u r a t i o n  w i th  a  d io d e  p e r m i t t i n g  o n ly  
p o s i t i v e  f e e d b a c k .  When th e  i n p u t  t o  A3 i s  n e g a t i v e ,  A3 h a s  a  low 
g a i n  and o u t p u t s  a  maximum p o s i t i v e  v o l t a g e  e q u a l  t o  t h e  t h r e s h o l d  o f  
t h e  f e e d b a c k  d io d e .  When th e  i n p u t  i s  p o s i t i v e  A3j c a n n o t  d r i v e  
i t s  i n p u t s  e q u a l  and s a t u r a t e s  t o  - I 5 V dc a t  t h e  o u t p u t .  Thus a 
s i n e  wave i n p u t  w i l l  p ro d u ce  a two l e v e l  (0 . ^ o r  - 15L V) s q u a re  wave 
a t  t h e  o u tp u t  o f  A3» T h is  s q u a re  wave i s  f e d  t o  t h e  syn ch ro n o u s  
d e t e c t o r .
The c i r c u i t  e le m e n ts  o f  t h e  f r e q u e n c y  r e g u l a t i n g  e l e c t r o n i c s  
a r e  t o t a l l y  e n c lo s e d  in  an  aluminum h o u s in g .  The dc v o l t m e t e r ,  i n p u t  
and  o u tp u t  t e r m i n a l s ,  and a l l  d e s ig n a t e d  s w i tc h e s  and v a r i a b l e  
r e s i s t o r s  a r e  mounted on th e  f r o n t  p a n e l .  Power t o  o p e r a t e  th e  
e l e c t r o n i c s  i s  o b t a in e d  e x t e r n a l l y  from a  Burr-Brow n d u a l  power 
s u p p ly ,  model 52b (+ 15 V d c )  1 .0  mV (rm s) n o i s e  and r i p p l e ]  and 
from  th e  1̂ 00 V dc power s u p p ly  i n t e g r a l  t o  t h e  l a s e r .  The d r i v i n g  
o s c i l l a t o r  i s  a l s o  e x t e r n a l  and i s  c o n n e c te d  th ro u g h  th e  r e a r  p a n e l .
A H e w le t t  P ack a rd  Model 200-1  a u d io  o s c i l l a t o r  w i th  600-ohm o u tp u t  
im pedance i s  u s e d  i n  t h i s  w ork , and i t  i s  o p e r a t e d  a t  20 V p e a k - t o -  
p e a k .  I f  a  low -im pedance  a u d io  o s c i l l a t o r  i s  n o t  a v a i l a b l e  one c o u ld  
b e  e a s i l y  c o n s t r u c t e d  f o l l o w i n g  a v a i l a b l e  o s c i l l a t o r  c i r c u i t s . 6
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C. OPERATION
To b r i n g  t h e  f r e q u e n c y  s t a b i l i z i n g  sy s tem  i n t o  o p e r a t i o n ,  S i  
i s  i n i t i a l l y  s w i tc h e d  to  " s t a n d - b y " ,  S5 i s  o p en ed ,  and th e  g a in  
o f  th e  p r e a m p l i f i e r  (Al) i s  s e t  t o  a  minimum w i th  S2. An o s c i l l o ­
sco p e  i s  c o n n e c te d  t o  th e  m o n i to r  o u tp u t  i n  o r d e r  t o  o b s e rv e  th e  
v o l t a g e  s i g n a l s  a t  v a r i o u s  t e s t  p o i n t s .  The a u d io  o s c i l l a t o r  i s  
s e t  a t  t h e  p r o p e r  f r e q u e n c y  and th e n  Ri| i s  a d j u s t e d  so t h a t  a 2 V 
p e a k - t o - p e a k  m o d u la t io n  i s  a p p l i e d  t o  p o i n t  E and th e  p i e z o e l e c t r i c  
t r a n s d u c e r .  T h is  w i l l  p ro d u ce  l e s s  th an  one MHz m o d u la t io n  in  
t h e  f r e q u e n c y  o f  t h e  o u tp u t  r a d i a t i o n .  N e x t ,  power i s  s u p p l i e d  t o  
t h e  f r e q u e n c y - r e g u l a t i n g  e l e c t r o n i c s  and t h e  C02 l a s e r  i s  s t a r t e d .
The f r e q u e n c y  s e l e c t o r  R 3 , i t  a d j u s t e d  t o  s e t  t h e  l a s e r  c a v i t y  l e n g th  
so  t h a t  t h e  o u tp u t  f r e q u e n c y  o f  t h e  l a s e r  i s  n e a r  t h e  c e n t e r  f r e ­
quency o f  t h e  d e s i r e d  l a s e r  t r a n s i t i o n .  The g a i n  o f  Al i s  now i n ­
c r e a s e d  t o  60 dB o r  u n t i l  th e  ac s i g n a l  a t  t h e  o u tp u t  o f  Al ( p o i n t  D) 
i s  ab o u t  it V p e a k - t o - p e a k .
The peak  o f  th e  a v a i l a b l e  l a s e r  t r a n s i t i o n s  c a n  b e  a c c u r a t e l y  
l o c a t e d  by s im p ly  o b s e r v in g  when th e  v o l t a g e  a m p l i tu d e  a t  p o i n t  D 
goes  th ro u g h  a  minimum. To f i n d  th e  c e n t e r  f r e q u e n c y  w h i le  m o n i to r in g  
p o i n t  D, R3 i s  f i n e l y  a d j u s t e d  u n t i l  t h e  o s c i l l a t i n g  v o l t a g e  p roduced  
by t h e  p lasm a tu b e  im pedance m o d u la t io n  goes t o  a  minimum a m p l i tu d e  
and changes  p h ase  by 180° w i th  c o n t in u e d  a d ju s tm e n t  o f  R3 . To 
c o m p le te  t h e  t u n i n g ,  th e  i n t e g r a t o r  i n p u t  ( p o i n t  C) i s  m o n i to re d  and 
t h e  p h a se  o f  th e  r e f e r e n c e  s i g n a l  i s  a d j u s t e d  t o  c e n t e r  th e  -ijj-cycle 
window on a  p eak  o f  t h e  o s c i l l a t i n g  v o l t a g e .  The v o l t m e t e r  sh o u ld  be
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r e a d in g  a b o u t  43 V. When S i  i s  sw i tc h e d  to  " l o c k " ,  t h e  s t a b i l i z i n g  
sy s tem  w i l l  a u t o m a t i c a l l y  t r a c k  th e  peak  o f  t h e  f re q u e n c y  vs. g a in  
c u rv e  f o r  t h i s  l a s e r  t r a n s i t i o n .  I f  t h e  e r r o r - c o r r e c t i o n  v o l t a g e  
sw in g s  t o  e i t h e r  e x t r e m e ,  th e  p h a se  o f  t h e  r e f e r e n c e  s i g n a l  must be 
s h i f t e d  180 d e g re e s  w i th  S3 -
A f t e r  a c h i e v in g  a  lo c k  a t  t h e  c e n t e r  f r e q u e n c y  t h e  lo c k  i s
f i rm e d  and t e s t e d .  To f i r m  th e  l o c k ,  th e  g a in  o f  Al i s  i n c r e a s e d  to
60 dB o r  u n t i l  t h e  v o l t m e t e r  s t a r t s  t o  o s c i l l a t e .  When o s c i l l a t i o n s  
o c c u r  th e  g a in  i s  th e n  d e c r e a s e d  u n t i l  t h e  v o l t m e t e r  o s c i l l a t i o n s  
c e a s e .  T h is  f i r m in g  w i l l  i n s u r e  a  maximum c o r r e c t i o n  speed  t o  any 
p e r t u r b a t i o n s  w hich m ig h t c a u s e  t h e  l a s e r  c a v i t y  l e n g th  t o  ch an g e .
A good t e s t  o f  th e  lo c k  i s  t o  v a ry  R3: w i th  a  t r u e  lo c k  th e  v o l t m e t e r
r e a d i n g  w i l l  change  t o  e x a c t l y  com pensa te  t h e  v o l t a g e  change t h a t  i s
a p p l i e d  t o  th e  h ig h  v o l t a g e  s i d e  o f  th e  p i e z o e l e c t r i c  t r a n s d u c e r .
To o p e r a t e  a t  f r e q u e n c i e s  o t h e r  t h a n  th e  c e n t e r  f r e q u e n c y  o f  
a  l a s e r  t r a n s i t i o n ,  th e  sy s tem  i s  f i r s t  lo c k ed  a t  th e  c e n t e r  
f r e q u e n c y .  The v a r i a b l e  r e s i s t o r  R7 i s  s e t  t o  i t s  m id d le  s e t t i n g  
and  S5 i s  c l o s e d .  W hile m o n i to r in g  p o i n t  D, R7 i s  v a r i e d  t o  a c h ie v e  
l a s e r  o p e r a t i o n  a t  t h e  d e s i r e d  f r e q u e n c y .  I f  t h e  p e a k - to - p e a k  
a m p l i tu d e  a t  D r e a c h e s  16 V, f u r t h e r  t u n in g  i s  a c h ie v e d  by d e c r e a s i n g  
t h e  g a in  o f  Al w i th  R6 . D uring  th e  o f f - c e n t e r  f r e q u e n c y  tu n i n g ,  R j 
may r e q u i r e  a d ju s tm e n t  t o  m a in t a i n  t h e  c o r r e c t i o n  v o l t a g e  in  i t s  
m id d le  r a n g e .
S in c e  th e  r e g u l a t i n g  c a p a b i l i t y  e x te n d s  o n ly  o v e r  + 11% o f  th e  
l a s e r - c a v i t y - l e n g t h  a d ju s tm e n t  r a n g e ,  a  l a r g e  p e r t u r b a t i o n  may c a u se
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t h e  c a v i t y  l e n g th  t o  d r i f t  o u t  o f  th e  r e g u l a t i o n  r a n g e .  When t h i s  
o c c u r s  th e  i n i t i a l  lo c k  i s  t e m p o r a r i l y  l o s t .  I t  i s  a  good p r a c t i c e  
t o  a d j u s t  R3 t o  b r i n g  th e  e r r o r - c o r r e c t i o n  s i g n a l  back  to  i t s  m id d le  
ra n g e  o f  1+3 V w henever i t  a p p ro ac h es  th e  l i m i t  o f  th e  r e g u l a t i n g  
r a n g e .  T h is  a d ju s tm e n t  i s  u s u a l l y  needed  o n ly  d u r in g  th e  f i r s t  h a l f  
h o u r  o f  o p e r a t i o n .
F a c i l i t i e s  to  a c c u r a t e l y  t e s t  th e  u l t i m a t e  f re q u e n c y  s t a b i l i t y  
o f  t h i s  m o d if ie d  l a s e r  were nc t a v a i l a b l e .  The r e s p o n s e  tim e 
( r e q u i r e d  f o r  t h e  c o r r e c t i o n  to  r e a c h  90$ ° f  i-t s  f i n a l  m ag n itu d e)  
o f  t h i s  p r e s e n t  sy s tem  was m e tsu red  f o r  b o th  c e n t e r  f re q u e n c y  and o f f -  
c e n t e r  f re q u e n c y  o p e r a t i o n .  \ h e n  v o l t a g e  p e r t u r b a t i o n s  o f  1.0  t o  20 
V were a p p l i e d  t o  th e  p i e z o e l e c t r i c  t r a n s d u c e r ,  t h e  c o r r e c t i o n  r e s ­
ponse  t im e s  ran g ed  from 1 .0  tc  1 . 1+ seconds  and w ere e q u i v a l e n t  f o r  
b o th  modes o f  o p e r a t i o n .  F a s t e r  r e s p o n s e s  c o u ld  be  o b ta in e d  by 
i n c r e a s i n g  th e  g a in  o f  t h e  i n t e g r a t o r  and c o n s t r u c t i n g  a more r e s p o n ­
s i v e  synch ronous  d e t e c t o r . 7 S in ce  th e  1 .0  V p e r t u r b a t i o n  c o r re s p o n d s  
to  a  0 .5  MHz f re q u e n c y  change  and t h i s  system  r e a d i l y  re sp o n d ed  t o  
t h i s  p e r t u r b a t i o n ,  th e  f re q u e n c y  s t a b i l i z i n g  sys tem  d e s c r ib e d  h e r e i n  m ust 
c o n s i d e r a b l y  exceed  a f re q u e n c y  s t a b i l i t y  o f  0 . 5  MHz f o r  p e r t u r b a t i o n  
s lo w e r  th a n  1 Hz. U n f o r t u n a t e l y ,  o p e r a t i o n  i n  t h e  o f f - c e n t e r  f r e q u e n ­
cy mode may n o t  a c h ie v e  t h i s  h ig h  s t a b i l i t y  o v e r  lo n g - te rm  o p e r a t i o n .
In  t h i s  mode, f re q u e n c y  c o r r e c t i o n s  r e l y  on th e  s t a b i l i t y  o f  t h e  
l a s e r  o u tp u t  pow er,  th e  a m p li tu d e  o f  th e  a u d io  o s c i l l a t o r ,  and th e  
g a i n  o f  th e  s e rv o  e l e c t r o n i c s .  A 2 fo t o t a l  change in  th e s e  q u a n t i t i e s  
would c a u s e  a  1 MHz f re q u e n c y  d r i f t  when o p e r a t i n g  f a r  from th e  c e n t e r
f r e q u e n c y .  S in c e  t h e r e  i s  a g r e a t e r  v a r i a t i o n  i n  t h e  s lo p e  o f  th e  
g a in  v s  f r e q u e n c y  c u rv e  n e a r  th e  c e n t e r  f r e q u e n c y , a much g r e a t e r  
change  i n  t h e  above q u a n t i t i t e s  would be  n e c e s s a r y  to  p ro d u ce  a  1 MHz: 
d r i f t  when o p e r a t i n g  n e a r  th e  c e n t e r  f r e q u e n c y .  A f t e r  a JO -m inu te  
warm-up t im e ,  a  2<ja s t a b i l i t y  in  t h e s e  q u a n t i t i e s  was r e a d i l y  o b t a i n ­
a b l e .  F o r t u n a t e l y ,  o p e r a t i o n  in  th e  c e n t e r - f r e q u e n c y  mode i s  n o t  
s u b j e c t  t o  th e s e  i n s t a b i l i t i e s .
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APPENDIX 4 
ELECTRONIC CIRCUITRY AND DESIGN
A. ION GAUGE CONTROL UNIT
The Io n  gauge c o n t r o l  u n i t  was c o n s t r u c t e d  on th e  c h a s i s  o f  a 
C o n s o l id a te d  Vacuum C o r p o r a t io n  model DPA-3 8  c o n t r o l  u n i t .  The l a t t e r  
d e v ic e  had b een  d e s ig n e d  f o r  u se  w i th  a s t a n d a r d  NRC ty p e  504 i o n i -  
z a t i o n - g a u g e  tu b e  t h a t  i s  n o rm a l ly  l i n e a r  in  th e  p r e s s u r e  ran g e  o f  
10”8 t o  10"3 T o r r .  A l l  com ponen ts ,  o f  th e  DPA-3 8 , w i th  th e  e x c e p t io n  
o f  th o s e  r e l a t e d  t o  th e  ac ( f i l a m e n t )  and dc power s u p p l i e s ,  were 
rem oved. I t  was n e c e s s a r y  t o  modify th e s e  s u p p l i e s  so t h a t  th e y  
would be c o m p a t ib le  w i th  th e  i e s t i n g h o u s e  WL 79^3 tu b e .
The p r i n c i p l e s  o f  o p e r a t r o n  o f  t h e  7903 tu b e  w ere d i s c u s s e d  in
C h a p te r  I I I  s e c t i o n  C -p . The f o l lo w in g  o p e r a t i n g  p o t e n t i a l s
w ere r e q u i r e d :  120 V -g r id  ( e 3 e c t r o n - c o l l e c t o r  e l e c t r o d e ) ,  60 V -o p e ra te
f i l a m e n t  ( e l e c t r o n  s o u r c e )  , a r d  0 V - i o n - c o l l e c t o r  e l e c t r o d e .  In  o r d e r  
f o r  t h e  tu b e  t o  o p e r a t e  l i n e a r l y  o v e r  t h e  d e s i r e d  p r e s s u r e  ra n g e  
o f  10" 4 t o  0 . 5  T o r r ,  t h r e e  d i f f e r e n t  v a lu e s  o f  e l e c t r o n  c u r r e n t  w ere 
n e c e s s a r y ,  nam ely , from 10~ 4 t o  10“ 2 T o r r —1 mA, from 10“3 t o  10_1 T o r r — 
50 pA, and from 10- 2  t o r r  t o  s a t u r a t i o n —10 pA. 1 With th e  p o t e n t i a l s  on 
t h e  tu b e  e le m e n ts  s e t  as  i n d i c a t e d ,  th e  e l e c t r o n  c u r r e n t  was c o n t r o l l e d  
by th e  c u r r e n t  p a s s in g  th ro u g h  th e  o p e r a t i n g  f i l a m e n t .  S in c e  a 
w ide  ra n g e  o f  p r e s s u r e s  is  co v e re d  and th e  c o o l in g  by r e s i d u a l  gas 
on th e  f i l a m e n t  i s  c o n s i d e r a b l e ,  d r a s t i c  changes  i n  e l e c t r o n  c u r r e n t  
can  r e s u l t ,  when th e  p r e s s u r e  i s  changed .  Thus a  c i r c u i t  w i th  an  
a u to m a t i c  f i l a m e n t  c o n t r o l ,  i n  w hich a change in  e l e c t r o n  c u r r e n t
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i s  com pensa ted  by a change i n  f i l a m e n t  v o l t a g e ,  was d e s i r a b l e ,  a s  i t  
p e r m i t t e d  c o n t in u o u s  m o n i to r in g  o f  p r e s s u r e .  In  a d d i t i o n  t o  th e  
power s u p p ly  r e q u i r e m e n t s ,  a s e n s i t i v e  e l e c t r o m e t e r  w i th  ra n g e s  
from 10-Q t o  1 0 "5A was r e q u i r e d  t o  m easu re  t h e  io n  c u r r e n t ,  t h i s  
c u r r e n t  b e in g  p r o p o r t i o n a l  t o  p r e s s u r e .
F ig u r e  1 shows th e  o r i g i n a l  c i r c u i t  o f  t h e  DPA-3 8 . Only th e  
p a r t  o f  th e  o r i g i n a l  c i r c u i t  w hich was o f  i n t e r e s t  i s  shown in  
F i g .  2 .  The p in  numbers o f  th e  tu b e  s o c k e t s  h av e  b een  added f o r  
c l a r i t y ,  as  t h e s e  w i l l  be r e f e r r e d  to  a s  th e  i n t e r f a c e  p o i n t s  o f  
t h e  new c i r c u i t r y .  In  t h i s  way each  a d d i t i o n a l  c i r c u i t  o r  m o d i f i c a ­
t i o n  can  b e  c o n s id e r e d  s e p a r a t e l y .  (A l l  p a r t  numbers d i s c u s s e d  
be low  r e f e r  t o  th o s e  i n d i c a t e !  i n  F ig .  2 . )
The v o l t a g e  t h a t  a p p e a r e i  a c r o s s  t h e  o p e r a t i n g  f i l a m e n t  was 
s u p p l i e d  by t h e  s e c o n d a ry  w in d in g  o f  t r a n s f o r m e r  T 2 lF l$h  The 
p r im a ry  w ind ing  o f  t h e  t r a n s f o r m e r  was s u p p l i e d  th ro u g h  a  w in d in g  
o f  EM-8411 w hich i s  p a r t  o f  t h e  m a g n e t ic  a m p l i f i e r  c i r c u i t .  By 
v a r y in g  th e  lo a d  on t h e  sec o n d a ry  o f  PM-8411 , t h e  r e a c t a n c e  o f  th e  
p r im a ry  was v a r i e d .  In  t h i s  p r im a ry  c i r c u i t  t h e r e  was a l s o  a  v o l t a g e -  
l i m i t i n g  P o w e r s t a t ,  a s w i tc h  f o r  d e - e n e r g i z i n g  t h e  f i l a m e n t  and 
6N020 t i m e - d e l a y  tu b e .  The lo a d  on t h e  se c o n d a ry  o f  PM-8411 was 
c a r r i e d  by two 6b4 t r i o d e s .  T h e i r  c o n t r o l  g r i d s  w ere  d i r e c t l y  c o u p le d  
t o  t h e  p l a t e  o f  t h e  6SN7 p e r to d e  a m p l i f i e r .  The c o n t r o l  g r i d  
( p i n  4) o f  t h e  6SH7 s e n s e d  th e  e l e c t r o n  c u r r e n t  i n  t h e  io n  
gauge th ro u g h  an RC n e tw o rk .  T h is  ne tw o rk  i s  shown in  F i g .  3«
Each o f  th e  t h r e e  d i f f e r e n t  v a lu e s  o f  e l e c t r o n  c u r r e n t  may b e  p r e s e t
F ig u r e  1 . O r i g i n a l  c i r c u i t  j f  C o n s o l id a te d  Vacuum C o rp o ra t io n  
model DPA- 3 8  io n  gauge c o n t r o l  u n i t .
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F i g u r e  2 .  C i r c u i t r y  o f  m o d i f i e d  m o d e l  D P A - 3 8  c o n t r o l  u n i t .
O n l y  t h e  p o w e r - s u p p l y  s e c t i o n  i s  s h o w n .  T h e  i n t e r f a c e  
p o i n t s  o f  n e w  c i r c u i t r y  a r e  i n d i c a t e d  b y  o p e n  c i r c l e s  
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F ig u r e  3 . C i r c u i t r y  o f  sh u n t  ne tw ork  f o r  s e n s in g  and s e l e c t i n g
i o n i z i n g  c u r r e n t .  R e s i s t a n c e s  (ohms) and c a p a c i t a n c e s  
a r e  w i t h i n  10$  o f  r o m in a l  v a lu e s  and r e s i s t o r s  a r e  power 
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w i th  a  s e p a r a t e  n e tw o rk .  The a p p r o p r i a t e  n e tw o rk  was s e l e c t e d  by 
means o f  a  n o n - s h o r t i n g  w a fe r  s w i tc h  t h a t  was one o f  t h r e e  w a fe rs  
mounted on a common s h a f t  (ganged s w i t c h ) .  The e l e c t r o n  c u r r e n t  
s h u n te d  by t h i s  RC c i r c u i t  was ta k e n  from  th e  c e n t e r  t a p  o f  t h e  
f i l a m e n t  t r a n s f o r m e r  (T21F19). A damping c a p a c i t o r  i n  each  
c i r c u i t  re d u c e d  th e  s e n s i t i v i t y  o f  th e  c o n t r o l l e r  t o  s h o r t  te rm  
f l u c t u a t i o n s .  I n  t h i s  c o n f i g u r a t i o n ,  th e  c o n t r o l  g r i d  ( p i n  4) 
o f  t h e  6SH7 was m a in ta in e d  a t  ~  60 V. T h u s ,  t h e  c a th o d e  ( p in s  3 an^
5 ) sh o u ld  be  o p e r a t e d  a t  ~  63  V. T h is  v o l t a g e  was a d j u s t e d  by moving 
t h e  s l i d e  on R - l .
The v o l t a g e  s u p p l i e d  t o  th e  g r i d  ( o f  th e  io n  tu b e )  came from 
i t s  o r i g i n a l  s o u r c e ,  b u t  i t  was re d u c e d  t o  ~  120 V by u s in g  R-2 
a s  a d i v i d e r .  In  a d d i t i o n ,  t h e  v o l t a g e  s u p p l i e d  to  R-2 was s t a b i l i z e d  
by c o n n e c t in g  a  16-V Zener d io d e  be tw een  p o i n t s  A and B. I t  was 
n e c e s s a r y  to  m o n i to r  th e  i o n i z i n g  c u r r e n t  f lo w in g  in  t h i s  c i r c u i t  
w i th  an  ammeter h a v in g  t h r e e  a p p r o p r i a t e  r a n g e s .  The am m eter c i r c u i t  
shown i n  F i g .  4 was i n s e r t e d  be tw een  th e  12Q V s u p p ly  and th e  g r i d .  
The 25-p,A ( f u l l  s c a l e )  m e te r  was p r o t e c t e d  a g a i n s t  b u r n - o u t  th ro u g h  
t h e  u s e  o f  two d io d e s  t h a t  l i m i t  t h e  d rop  a c r o s s  t h e  c i r c u i t  
t o  600 mV. S hun ts  w ere  a r r a n g e d  i n  such  a  way a s  t o  g iv e  a  m e te r  
d e f l e c t i o n  o f  10 ( a r b i t r a r y  u n i t s )  f o r  c u r r e n t s  o f  10 p,A, 50 p,A, and 
1 mA. These  s h u n ts  w ere s e l e c t e d  by a  s h o r t i n g  w a fe r  s w i tc h  t h a t  was 
s y n c h ro n iz e d  t o  t h e  o p e r a t i o n  o f  th e  c u r r e n t  s e l e c t i o n  s w i tc h .
The io n  c u r r e n t  was m easured  w i th  an  e l e c t r o m e t e r  t h a t  employed 
an o p e r a t i o n a l  a m p l i f i e r  (op -am p). The b a s i c  c i r c u i t  shown in
191
F ig u r e  4 E l e c t r i c a l  s c h e m a t ic  o f  e l e c t r o n - c u r r e n t  m o n i to r .  
R e s i s t a n c e s  (ohms) a r e  w i t h i n  Vjo o f  nom ina l  v a lu e s  
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F ig .  5 o p e r a t e s  as  f o l l o w s .  Assume t h a t  th e  c u r r e n t  th ro u g h  the  
op-amp i s  m in im a l;  t h u s ,  t h e  c u r r e n t  a t  t h e  i n p u t ,  i , i s  e q u a l  
t o  t h e  c u r r e n t  f lo w in g  i n  R. S in c e  t h e  feed b a ck  th ro u g h  R i s  such 
a s  t o  d r i v e  t h e  two i n p u t s  tow ard  th e  same p o t e n t i a l ,  t h e  i n v e r t i n g  
i n p u t  i s  h e ld  a t  g round p o t e n t i a l  (a  v i r t u a l  g ro u n d ) .  T hus , th e  
v o l t a g e  a t  t h e  o u tp u t  i s  j u s t  t h e  drop  a c r o s s  th e  fe e d b a c k  r e s i s t o r  
R, and  i s  g iv e n  by e = iR . A c a p a c i t o r  i s  p la c e d  a c c r o s s  th e  
f e e d b a c k  r e s i s t o r  t o  d e c r e a s e  t h e  g a in  f o r  h ig h - f r e q u e n c y  n o i s e .
An op-am p, h a v in g  a f i e l d  e f f e c t  t r a n s i s t o r  (FET) i n  th e  
i n p u t - c i r c u i t  (B u rr  Brown model 3308 ) ,  was employed b e c a u se  o f  i t s  
h ig h  i n p u t  im pedance ( ~  1014 ohm s). The co m p le te  e l e c t r o m e t e r  c i r ­
c u i t  i s  shown i n  F i g .  6 . A r o t a r y  w afe r  s w i tc h  was u sed  t o  change 
r a n g e s .  I t  was mounted on th e  common s h a f t  w i th  t h e  o t h e r  two 
w a fe r  s w i tc h e s  so t h a t  th e y  a l l  tu r n e d  i n  s y n c h r o n i z a t i o n .  The 
p r e s s u r e s  which g iv e  a f u l l  10 V o u tp u t  a r e  i n d i c a t e d  on th e  s w i t c h .
A h ig h  im pedance ( a t  low f re q u e n c y )  s h i e l d e d  c a b l e  was u sed  to  c o n n e c t  
t h e  io n  c o l l e c t o r  e l e c t r o d e  d i r e c t l y  t o  t h e  in p u t  o f  t h e  e l e c t r o m e t e r .  
The 0 t o  10 V o u tp u t  was i n d i c a t e d  on a  50 ^A p a n e l  m e te r .  T h is  was 
c o n n e c te d  a s  shown in  F i g .  7 t o  g iv e  a f u l l  s c a l e  r e a d in g  f o r  a  10 V 
i n p u t  on th e  c a l i b r a t e d  r a n g e ,  o r  a + 10$ c o r r e c t i o n  on th e  
u n c a l i b r a t e d  r a n g e .  F ig u r e  8 shows th e  c i r c u i t  o f  t h e  + I 5 V power 
s u p p ly  w hich was r e q u i r e d  f o r  t h e  e l e c t r o m e t e r .
P r e l i m in a r y  t e s t i n g  o f  th e  io n  gauge and c o n t r o l  u n i t  i n d i c a t e d  
a n o n - l i n e a r i t y  i n  th e  r e g io n s  o f  o v e r l a p  be tw een  th e  p r e s s u r e  r a n g e s .  
The ag reem en t was e s p e c i a l l y  bad be tw een  th e  r a n g e s  which r e q u i r e d












F igu re  6 . C ir c u itr y  o f  e le c tr o m e te r  used to  m easure io n  c u r r e n t.
The f u l l ~ s c a l e  p r e s s u r e  r a n g e s  a r e  i n d i c a t e d  on th e  
r o t a r y  s w i t c h .  R e s i s t a n c e s  (ohms) a r e  w i t h i n  0 . 1 $  o f  
n o m in a l  v a l u e s  and r e s i s t o r s  a r e  power r a t e d  a t  1 /2  W. 
C a p a c i ta n c e s  ( m i c r o f a r a d s )  a r e  w i t h i n  10$ o f  nom inal 
v a l u e s .
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F ig u r e  7- S ch em atic  o f  p r e s s u r e - r e a d o u t  c i r c u i t .  R e s i s t a n c e s  
(ohms) a r e  w i t h i n  1 $  o f  n o m in a l  v a l u e s  and r e s i s t o r s  
a r e  power r a t e d  a t  1 /2  W. C a p a c i ta n c e s  ( m i c r o f o r a d s )  
a r e  w i t h i n  10$  o f  nom ina l v a l u e s .
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F ig u r e  8 . E l e c t r i c a l  
(ohms) and 
o f  nom inal
sc h e m a tic  o f  + I 5 V power s u p p ly .  R e s i s t a n c e s  
c a p a c i t a n c e s  ( m i c r o f a r a d s )  a r e  w i t h i n  10$ 
v a l u e s .
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t h e  l a r g e s t  change  in  i o n i z i n g  c u r r e n t .  T h is  d e f e c t  was a t t r i b u t e d  
t o  in c o m p le te  i o n i z a t i o n  o f  a l l  a v a i l a b l e  gas  m o le c u le s .  The 
c o n d i t i o n  was rem ed ied  by i n c r e a s i n g  th e  c o l l e c t o r  p o t e n t i a l  from 
1 20V to  I 33 V . T h is  red u ce d  t h e  a p p a r e n t  n o n - l i n e a r i t y  o v e r  a l l  r a n g e s  
t o  l e s s  th a n  V/o. No improvement r e s u l t e d  when th e  f i l a m e n t  and 
e l e c t r o n  c o l l e c t o r  p o t e n t i a l s  w ere b o th  i n c r e a s e d .  T h is  i n d i c a t e d  
t h a t  t h e  p rob lem  was n o t  due t o  i n e f f i c i e n t  io n  c o l l e c t i o n .  Thus, n o t  
a l l  o f  th e  gas  m o le c u le s  w ere oe ing  io n i z e d  b u t  a l l  o f  th e  a v a i l a b l e  
io n s  were b e in g  c o l l e c t e d .
The c i r c u i t r y  employed i n  t h e  c o n t r o l  u n i t  was q u i t e  s t a b l e .
Normal o p e r a t i o n  r e q u i r e d  o n ly  t h a t  t h e  u n i t  be  tu r n e d  on by th e  main 
power s w i t c h ,  s e t  t o  th e  a p p r o p r i a t e  p r e s s u r e  r a n g e ,  and a l lo w e d  to  
warm up f o r  c a .  $00 s .  Then, i f  n e c e s s a r y ,  a s l i g h t  a d ju s tm e n t  was 
made to  th e  e l e c t r o n  c u r r e n t  on th e  a p p r o p r i a t e  r a n g e .  T ha t i s ,  one 
o f  th e  t h r e e  c u r r e n t  c o n t r o l s  was a d j u s t e d  t o  g iv e  a  r e a d in g  o f  t e n  
u n i t s  on t h e  e l e c t r o n - c u r r e n t  p a n e l  m e te r .  O c c a s i o n a l l y ,  i t  was 
n e c e s s a r y  t o  b a l a n c e  th e  op-amp. To do t h i s ,  t h e  s e l e c t o r  sw i tc h  was 
s e t  t o  " z e r o "  ( t h i s  g rounds  th e  e l e c t r o m e t e r  i n p u t )  and th e n  th e  b a la n c e  
c o n t r o l  was a d j u s t e d  t o  g iv e  a  z e ro  r e a d i n g  on th e  p r e s s u r e - r e a d o u t  
m e te r .  A f t e r  t h i s  had been  a c c o m p l i sh e d ,  t h e  s e l e c t o r  s w i tc h  s e t t i n g  
was r e t u r n e d  t o  th e  a p p r o p r i a t e  p r e s s u r e  r a n g e .
The io n  tu b e  s h o u ld  be h a n d le d  w i th  c a r e .  The o p e r a t i n g  f i l a m e n t  
i s  a  t h o r i a - c o a t e d  i r i d i u m  w i r e .  The f i l a m e n t  w i l l  n o t  b u rn  o u t  i f  
t h e  tu b e  i s  a c c i d e n t a l l y  f i l l e d  w i th  a i r  m o m e n ta r i ly  d u r in g  o p e r a t i o n .  
P ro lo n g e d  e x p o su re  o f  t h e  h o t  f i l a m e n t  t o  an  o x i d i z i n g  en v iro n m en t w i l l ,
203
h ow ever ,  re d u c e  i t s  l i f e  e x p e c ta n c y .
B. PRESSURE CONTROLLER
The p r e s s u r e  c o n t r o l l e r  r e c e iv e d  a  0 t o  10 V s i g n a l  from t h e  io n  
g a u g e  c o n t r o l  u n i t .  T h is  s i g n a l  was p r o p o r t i o n a l  t o  t h e  p r e s s u r e ,  
w i t h i n  each  p r e s s u r e  ra n g e  (C h a p te r  I I I  S e c t i o n  C -6 ) .  The c i r c u i t r y  
o f  t h e  c o n t r o l l e r  i s  shown in  F i g .  9* The a c t i v e  c i r c u i t  e le m e n ts  
w ere  n - p - n  t r a n s i s t o r s .  When th e  b a s e  o f  an  n - p - n  t r a n s i s t o r  i s  b i a s e d  
p o s i t i v e l y  w i th  r e s p e c t  to  i t s  e m i t t e r ,  t h e  r e s i s t a n c e  t o  c u r r e n t  
f lo w  from t h e  c o l l e c t o r  t o  t h e  e m i t t e r  i s  r e d u c e d .
The d e s i r e d  p r e s s u r e  was s e t  w i th  t h e  10 -  kohm p o t e n t i o m e t e r .  
A d jus tm en t o f  t h i s  p o t e n t i o m e t e r  changed  t h e  v o l t a g e  a p p l i e d  t o  t h e  
b a s e  o f  TR2. T h is  v o l t a g e  was t r a c k e d  by t h e  e m i t t e r s  o f  TR2 and TR l. 
Assuming t h a t  t h e  s o l e n o i d  v a lv e  had  a l r e a d y  b een  o p en ed ,  th e  o p e r a t i n g  
sequence  was a s  f o l l o w s .  As th e  p r e s s u r e  i n c r e a s e d ,  t h e  p o t e n t i a l  a t  
t h e  b a s e  o f  TRl i n c r e a s e d .  I f  t h i s  v a l u e  was above th e  p r e s e t  l e v e l  on 
th e  e m i t t e r ,  TRl c o n d u c te d .  C o n d u c t io n  by TRl c a u s e d  t h e  v o l t a g e  on 
i t s  c o l l e c t o r  t o  d rop  be low  t h e  35 "V l e v e l  d e te rm in e d  by t h e  Zener 
d io d e .  When t h i s  o c c u r r e d ,  TR3 (and c o n s e q u e n t ly  TRl*) s to p p e d  c o n d u c t ­
in g  and th e  s o lo n o id  v a lu e  was d e - e n e r g i z e d  ( c l o s e d ) .  Then th e  p r e s ­
s u r e  f e l l ,  and t h e  r e v e r s e  p r o c e s s  o c c u r r e d :  TR3 and TRh c o n d u c te d
c u r r e n t ,  and th e  s o lo n o id  was a g a in  e n e r g i z e d  (o p e n e d ) .  A 0 - to - 1 0 - V  
p a n e l  m e te r  r e g i s t e r e d  th e  p o t e n t i a l  on th e  e m i t t e r  o f  TRl and th u s  gave 
an  ap p ro x im a te  v a lu e  f o r  th e  u p p e r  l i m i t  o f  t h e  p r e s s u r e .  The g a in  
o f  t h e  a m p l i f i e r  (TR3 and TRl)-) was such  t h a t  th e  c i r c u i t  r e sp o n d ed  to  
a  change  in  p o t e n t i a l  a s  s m a l l  a s  cj0  mV. Thus th e  p r e s s u r e  f l u c t u a t i o n
201+
F i g u r e  $ .  C i r c u i t  d ia g ra m  o f  p r e s s u r e  c o n t r o l l e r .  R e s i s t a n c e s  
(ohms) a r e  w i t h i n  1 0 o f  n o m in a l  v a l u e s  and r e s i s t o r s  
a r e  power r a t e d  a t  1 /2  W u n l e s s  o th e r w is e  i n d i c a t e d .
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( o v e r s h o o t )  was n o t  d e te rm in e d  by t h e  s e n s i t i v i t y  o f  t h e  c o n t r o l l e r ,  
b u t  r a t h e r  by t h e  amount o f  gas  a d m i t t e d  i n t o  t h e  sam ple  c e l l  each  
t im e  th e  s o lo n o id  v a lv e  opened . T h is  amount was k e p t  a s  s m a l l  as  
p o s s i b l e  by m in im iz in g  th e  o p en in g  o f  t h e  m e te r in g  v a l v e .
C. TRANSIMPEDANCE AMPLIFIER
The s p e c i f i c a t i o n  f o r  d e s ig n  and t e s t i n g  o f  t h e  T IX L I52 lo w -  
n o i s e  a m p l i f i e r  w ere  d i s c u s s e d  i n  C h a p te r  I I I  s e c t i o n  C-9 . An e q u i ­
v a l e n t  c i r c u i t  o f  t h e  s e m ic o n c u c to r  p ackage  i s  shown in  F i g .  10 - a , 2 
and t h e  a s s o c i a t e d  c i r c u i t r y  i s  shown in  F i g .  1 0 -b .  The power was 
s u p p l i e d  by a  6 .75 -V  m ercury  t a t t e r y .  A l l  com ponents w ere p la c e d  
in  t h e  s m a l l e s t  p o s s i b l e  aluminum box i n  o r d e r  t o  m in im ize  s t r a y  
c a p a c i t a n c e s  c a u s e d  by u n s h ie l d e d  l e a d s .  I t  was found t h a t  t h e  
s h i e l d i n g  p ro v id e d  by t h e  aluminum box was s u f f i c i e n t  t o  e l i m i n a t e  
t h e  e f f e c t s  o f  weak e x t e r n a l  e l e c t r o m a g n e t i c  i n t e r f e r e n c e .
T h e re  w ere  no s p e c i a l  p r e c a u t i o n s  ta k e n  when u s in g  t h e  a m p l i f i e r .  
I t s  i n p u t  was p r o t e c t e d  by d io d e s  and i t s  o u tp u t  c o u ld  be s h o r t e d  
w i th o u t  c a u s in g  damage.
207
F ig u r e  10
F ig u r e  10-
a .  E q u i v a l e n t  c i r c i . i t  o f  t h e  T IX L I52 s e m ic o n d u c to r  
p a c k a g e .
b .  A s s o c i a te d  c i r c u i t r y  u se d  w i th  t h e  T IX L I52 p a c k a g e .  
V a lu es  shown a r c  n o m in a l .
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E l e c t r i c  C o r p o r a t i o n ,  E l e c t r o n  Tube D i v i s i o n ,  E l m i r a ,  New 
York (1 9 6 2 ) .
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The f o l lo w in g  s t e p s  d e s c r i b e  t h e  p ro c e d u r e  t h a t  was employed 
i n  t h e  FID and o p t i c a l  n u t a t i o n  e x p e r im e n t s .  I t  h a s  b een  assumed 
t h a t  t h e  e n t i r e  sy s tem  i s  i n  a s t a t e  o f  r e a d i n e s s ;  t h a t  i s ,  a l l  
equ ipm en t i s  f u n c t i o n a l ,  t h e  o p t i c s  h av e  b e e n  a l i g n e d ,  and a l l  
e l e c t r i c a l  c o n n e c t io n s  h av e  b e e n  made.
(1 )  The C02  l a s e r  was s t a r t e d  and s e t  t o  a  c u r r e n t  o f  6 
mA. A s t a b l e  t e m p e r a tu r e  was a t t a i n e d  by a d j u s t i n g  
t h e  c o o l a n t  f low  th ro u g h  th e  h e a t  e x c h a n g e r .  A f t e r  
t h i s ,  t h e  s t a b i l i z e r  power s u p p ly ,  a u d io  f r e q u e n c y  
o s c i l l a t o r ,  and m o n i to r in g  o s c i l l o s c o p e  w ere  tu r n e d  
on and t h e  l a s e r  was tu n e d  and lo c k e d  to  t h e  P (2 0 )  
l i n e  o f  th e  1 0 . 6 - pm t r a n s i t i o n  a s  d e s c r ib e d  i n  C h a p te r  
I I I  S e c t i o n  C - l .
(2 )  Power was s u p p l i e d  t o  th e  io n  gauge c o n t r o l  u n i t  and 
t h e  p r e s s u r e  c o n t r o l l e r .  The c o n t r o l  u n i t  was s e t  t o  
i t s  t h i r d  ra n g e  (100 mTorr f u l l - s c a l e ) .  Then th e  
m e t e r i n g - v a l v e  was o p en ed ,  t h e  d i f f u s i o n  pump t h r o t ­
t l e d  down, and t h e  p r e s s u r e  c o n t r o l l e r  a d j u s t e d  u n t i l  
a  s t a b l e  p r e s s u r e  o f  20 m T orr  was i n d i c a t e d  by t h e
io n  gauge c o n t r o l  u n i t  ( £ f .  A ppendix  h s e c t i o n  A and b ) .  
T h is  c o r re s p o n d e d  t o  a  p r e s s u r e  o f  6 m T o rr  f o r  
NH^D gas  ( c f . C h a p te r  I I I  s e c t i o n  C~5)*
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(3 ) The Dewar f l a s k  c o n t a i n i n g  t h e  HgCdTe, PV d e t e c t o r  was 
s lo w ly  f i l l e d  w i th  l i q u i d  n i t r o g e n  and power was a p p l i e d  
to  t h e  t r a n s im p e d a n c e  a m p l i f i e r .
(4 )  The T e k t r o n ix  121 a m p l i f i e r ,  t h e  Dumont 766  HF 
o s c i l l o s c o p e  and t h e  PAR 160 b o x c a r  i n t e g r a t o r  w ere  
p u t  i n t o  o p e r a t i o n .
( 5 ) The ac  and dc S t a r k  f i e l d s  w ere  a p p l i e d  by p u t t i n g  th e  
K e i t h ly  dc power s u p p ly ,  t h e  H e w le t t  P a c k a rd  218A-219B 
d i g i t a l  d e la y  g e n e r a t o r ,  t h e  H e w le t t  P ack a rd  212A p u l s e  
g e n e r a t o r ,  and t h e  l e k t r o n i x  5^9 o s c i l l o s c o p e  i n t o  o p e r a ­
t i o n .  The p u l s e  w id th  and a m p l i tu d e  w ere n e x t  a d j u s t e d  
a s  d e s c r ib e d  i n  C hapcer I I I  S e c t io n  C-3 .
( 6 ) The t a b l e  was a l lo w e d  t o  f l o a t  f r e e  o f  th e  f l o o r  and i t  
was l e v e l e d  by a d j u s t i n g  th e  s i x  p n e u m a tic  c o n t r o l  v a l v e s .
(7 ) F in e  a d ju s tm e n t s  w ere made i n  t h e  p o s i t i o n i n g  o f  t h e  IR 
d e t e c t o r ,  i t s  a p e r t u r e ,  and th e  a p e r t u r e  in  f r o n t  o f  th e  
sam ple  c e l l  i n  an  a t t e m p t  t o  m axim ize t h e  s i g n a l  w hich 
a p p e a re d  on t h e  s c r e e n  o f  t h e  766  HF o s c i l l o s c o p e .
( 8 ) The b o x c a r  i n t e g r a t o r  was r e s e t ,  t h e  x - y  r e c o r d e r  was 
s e t  t o  r e c o r d ,  and  a  s c a n  was i n i t i a t e d .
(9 ) A f t e r  t h e  c o m p le t io n  o f  a  s a t i s f a c t o r y  s c a n ,  a l l  a d j u s t ­
m en ts  w ere  r e c h e c k e d .
(10 ) When th e  e x p e r i m e n t a t io n  was t o  be  t e r m i n a t e d ,  t h e  l a s e r
was tu r n e d  o f f  f i r s t .  Then a l l  o t h e r  equ ipm en t was tu r n e d  
o f f  i n  r e v e r s e  o f  t h e  o r d e r  i n d i c a t e d  i n  s t e p s  1 t h r u  9 .
VITA
Don C h a r le s  E lb e r s  was b o rn  on J u ly  18 , 19^8 i n  New O r l e a n s ,  
L o u i s i a n a .  H is  p a r e n t s  a r e  K u r t  H. E l b e r s  and Mary Rose R ein  
E l b e r s .  He r e c e iv e d  h i s  h ig h  s c h o o l  e d u c a t io n  a t  M a n d e v i l le  High 
i n  M a n d e v i l l e ,  L o u i s i a n a ,  from  w hich he was g r a d u a te d  i n  May I 9 6 7 .
He e n t e r e d  S o u t h e a s t e r n  L o u i s i a n a  U n i v e r s i t y  i n  th e  summer 
o f  I 9 6 7 , and was g r a d u a te d  from  t h i s  i n s t i t u t i o n  magna cum la u d e  
w i th  a  B .S . d e g re e  i n  c h e m is t r y  i n  December, 1971- In  t h e  s p r i n g  
o f  1972, he  e n t e r e d  t h e  g r a d u a te  s c h o o l  o f  LSU-BR as  a c a n d i d a t e  
f o r  th e  d e g re e  o f  D o c to r  o f  P h i lo s o p h y  i n  P h y s i c a l  C h e m is t ry .  He 
h a s  b een  engaged i n  t h i s  p rogram  t o  th e  p r e s e n t .
2 1 2
Candidate: 
M ajor Field: 
T itle  of Thesis:
EXAMINATION AND THESIS REPORT
Don C har les  E lbe rs  
Chemis try
Improved Appara tus  f o r  S tudying  Coherent O p t i c a l  T r a n s i e n t s .
Approved:
Major Professor and Chairman 
v  Dean of the GraduSxe School
EXAM INING CO M M ITTEE:
, / / /  
/ :<-C
Date of Examination:
A ugust 30> 19T6
